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EXPERIMENTS WITH CERTAIN ARSENATES AS SOIL 
INSECTICIDES' 

By B. R. Leach 

Aamciate Entomologist^ Japanese Beetle Investigations, Bureau of Entomology, 
United States Department of Agriculture 

INTRODUCTION 

Three years ago a casual experiment, conducted in connection with 
certain other investigations oi insecticides for the treatment of soil, 
demonstrated the fact that the larva of PopilUa japonica Newm. dies 
when it feeds in soil containing a sufficient amount of certain arsen¬ 
ates. The constant ingestion of soil by the larva in the course of 
its feeding is conducive to rapid toxic action under the conditions 
referred to. The result of this experiment was of interest in that it 
offered a possible answer to certain problems in connection with the 
provention of spread of the Japanese beetle.^ Subsequent experi¬ 
mental work was therefore carried out at the Japanese Beetle Labo¬ 
ratory, Eiyerton, N. J., for the purpose of ascertaining the effect of 
various arsenates upon the soil, plant, and insect.^ 

THE ARSENATES EMPLOYED 


Acid lead arsenate (PbHAsOJ 

Per cent 

Total arsenic oxide (AsaOs)___ 31. 97 

Lead oxide (PbO)______ -. 63. 72 

Water of constitution and undetermined... 4. 31 


Total.....-.- 100.00 

Soluble arsenic oxide (AS 2 O 5 )------- *. 05 

Basic lead arsenate (Pb 4 (PbOH) (As 04 ) 3 H 20 ) 

Total lead oxide (PbO)__ 74. 22 

Total arsenic oxide (AS 2 O 5 )__ 23. 54 

Water-soluble arsenic oxide (AS 2 O 5 )_ .03 

Water-soluble arsenic oxide equivalent to metallic arsenic (As)- .02 


1 Received for publication Dec. 4,1925; issued July, 1926. 

2 Tbe Japanese beetle spends the major portion of its annual life cycle as a larva or grub in the soil, trans¬ 
forming to the beetle stage in midsummer and depositing eggs in the soil for the larvae of the succeeding 
generation. 

3 ffhe idea of applying arsenic to soil to kill insects present apparently was first conceived in the course 
of experiments by the Cornwall (England) County Council in 1899. A brief account of those experiments 
is given in the following report: Hawk, W. wireworms. Cornwall County Council, Ann. Rpt. Agr. 
Expts. (1898) 3:45-48. 1899. More recently, experiments with white arsenic (arsenious acid) have been 
made in Queensland, Australia, in connection with the control of grubs attacking the roots of sugar cane. 
See Jarvis, E. on the value op poison bait for controlling cane grubs. Queensland Bur. Sugar 
Expt. Stas. Div. Ent. Bui. 4,14 p., illus. 1916, 

i Analyses made by Insecticide and Fungicide Board, Bureau of Chemistry, United States Depart¬ 
ment of Agriculture. 


Journal of Agricultural Research, Vol*. 33, No. 1 

Washington, D. 0. July 1,1926 

Key No. K-168 


303394-26-1 


( 1 ) 












Journal of A^icultural Research 


Vol. 33, No. I 


2 


Ma^ne^ium arsenate Percent 

Total arsenic oxide (AS 2 O 5 )_ 

Total arsenic oxide equivalent to Mg»(As 04 )- 67. 65 

Water-soluble arsenic qxide ((AsOOs)-,--- 

Water-soluble arsenic oxide equivale^nt to metallic arsenic (As)- . 67 

Total arsenic oxide equivalent to magnesium arsenate- 67. 65 

Magnesium oxide in excess of arsenic oxide (MgO)- 8 . 43 

Calcium oxide (CaO)---- 1. 98 

Oxides of iron and aluminum (KaOs)_ 1- 20 

Acid-insoluble ash (silicious materUl)_ .68 

Water of hydration (COo), organic matter, etc. (by diff.)- 20 . 06 

Sample is a commercial grade of magnesium arsenate containing a small 
amount of casein. 

Zinc arsenate (ZnziAsOi) 2 ) Percent 

Total zinc oxide (ZnO)_ 43. 26 

Total arsenic oxide (As 20 s)_ 38. 35 ^ 

Total arsenic oxide equivalent to 2 hie arsenate (Zn 3 (As 04 ) 2 )_ 79. 07 

Water-soluble arsenic as arsenic oxidfe (AS 2 O 5 )_ .60 

Water-soluble arsenic as arsenic oxide equivalent to metallic arsenic (As) - . 39 

Hy'polh.etiml combinations 

Zinc arsenate (Zn 3 (As 04 ) 2 )__ 79. 07 

Zinc oxide (ZnO) in excess of arsenic oxide_ 2 . 54 

Loss on ignition. ____ 16. 58 


98. 19 


Copper nrsmate (Cu 3 (As 04 ) 2 ) 

Arsenic oxide (AS 2 O 5 )_ 

Copper oxide (CuO)______ 

Sodium oxide (Na 20 )-- 

Iron oxide (Fe 203 )__-. 

Loss on ignition______ 

Water-soluble arsenic as arsenic oxide (AS 2 O 5 )___ 

Water-soluble arsenic as arsenic oxido equivalent to metallic arsenic (As) _ 


46. 47 
37. 92 
4 30 
.22 
9. 74 
3. 10 
2. 02 


Hypothetiml combinations 


Sodium arsenate (NasASO 4 )_____ 9. 61 

Tri-copper arsenate (Cu 3 (As 04 ) 2 )_ 55. 54 

Di-copper arsenate (CuHAs 04 )___ 24. 63 

Water of constitution, etc. (diff.)___ 10. 22 


100. 00 

Sample is essentially tri-copper arsenate, di-copper arsenate, sodium arsenate, 
and water of constitution. 


Calcium ^rsmate (Ca 3 (As 04 ) 2 ) 

Total arsenic oxide (AS 2 O 5 )___ 

Total arsenic oxide equivalent to tri-ftsdcium arsenate (Ca 3 (As 04 ) 2 ) 

Water-soluble arsenic oxide (AS 2 O 5 )___ 

Water-soluble arsenic oxide equivalent to metallic arsenic (As)_ 

Ferric HtT smote (FeAs 04 ) 

Ferric oxide (Fe 203 )___ 

Total arsenic oxide (AS 2 O 6 )____ 

Total arsenic oxide equivalent to ferric arsenate (FeASO 4 )_ 

Water-soluble arsenic oxide (AS 2 O 5 )___ 

^ Water-soluble arsenic oxide equivalent to metallic arsenic (As)_ 

No ferrous iron detected. 


Per cent 
40.83 
70. 70 
3. 63 
2, 37 


33. 22 
40. 56 
68 . 73 
. 17 
. 11 
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Hypothetical comhinaiims Per cent 

Ferric arsenate (FeAs 04 )___ 68. 73 

Ferric oxide (Fe 203 ) in excess to combine with AsaOg_ 5. 04 

Loss on ignition (water of constitution and moisture)_ 25. 36 


99. 13 


TOXICITY OF ARSENATES TO LARVA IN THE SOIL 

The Yarious arsenates mentioned ahoTe were tested to determine 
their toxicity to the larva of the Japanese beetle. This work was 
done during the late winter under greenhouse conditions, the soil tem¬ 
perature averaging about 60° F. In each case the specific quantity 
of the arsenate was thoroughly mixed mth the required amount of 
soil, and the mixture was placed in 4-ine.h flowerpots on the green¬ 
house bench, each test embracing 5 pots. The pots of soil were then 
moistened, and 24 hours later they were infested with 4 larvae per 
pot. The results of these tests are given in Table 1. 


Table 1. —Toxicity io third instar larvae of the Japanese beetle of various arsenates 
when mixed with soil (soil temperature60^ F.) 


Compound 

Amount 
per 44ncli 
pot 

Equivalent 

1 amount 
per acre 

Days 
required 
to kill all 
larvae 

i 

Acid lead arsenate.. 

Oms. 
0.275 
. 65 

Lbs, 

500 

1,000 

1,500 
2,000 
3,000 

40 

Do.. 

18 

Do. 

.825 

10 

7 

Do.. 

1.10 

Do... 

1.65 

6 

Basic lead arsenate...... 

0.55-2.76 

1,000-5, OOO 
1,000-6,000 
1,000-5,000 
1,000-6,000 
1,000-5,000 
1,000-5, OOO 

(«») 

(0 

Zinc arsenate...... 

. 55-2. 75 

Calcium arsenate... __ _ 

. 55-2. 75 

(‘') 

(*) 

Copper arsenate______ 

. 55-2. 75 

Magnesium arsenate_____ 

. 55-2.76 

W 

Ferric arsenate.•_...... 

. 55-2.76 



« The speed of kill for a definite concentration of arsenate tosoil depends upon the soil temperature; the 
larva is relatively inactive below 50° F. 

Larvae not killed. 

c Killed somewhat more slowly than acid lead arsenate. 

About the same as acid lead arsenate, 

« Same as zinc arsenate. 


The basic lead arsenate, the magnesium arsenate, and the ferricj 
arsenate were not toxic to the larvae. Th*e zinc arsenate and the cop¬ 
per arsenate were slower in killing the larvae than acid lead arsenate 
and calcium arsenate. Summarizing the results, the experiments 
indicate, from the standpoint of larval mortality, that acid lead 
arsenate is the best arsenate for killing krvae in the soil. 

OUTDOOR EXPERIMENTS WITH ACID LEAD ARSENATE 

EXPERIMENT NO. 1 

On April 21, 1922, four wooden frames, 21 inches wide, 36 inches 
long, and 8 inches deep, with a 16-meslL wire-screen bottom, were 
sunk in the soil outdoors, the top of the frame being level with the 
surface of the soil. Ordinary potting soil was then placed in each 
frame to a depth of 4 inches and infested with 100 third-instar larvae 
of the Japanese beetle per frame. Frames Nos. 1, 2, and 3 were then 
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filled with soil containing acid lead arsenate at the rate of 1,000, ■ 
2,000, and 3,000 pounds per acre, respectively. Frame No. 4 was 
filled with ordinary soil containing no arsenate of lead. 

At this time (April 21) the soil temperature was low (40° F.), and 
the larvae were inactive, but by May 2 the soil had warmed up con¬ 
siderably and the larvae were moving into the upper 4 inches of 
arsenated soil. The examinations of the soil in the various frames 
made at subsequent intervals are given in Table 2. 


Table 2 . —Mortality of third-instar Japanese beetle larvae in outdoor soil arsenated 
to d depth of 4 . inchesj 100 larvae being used in each test {experiment begun 
April 21 j 1922) 


Date of examination 

1,000 pounds 

2,000 pounds 

3,000 pounds 

Control 

Number 
alive in 
upper 

4 inches 

Number 
alive in 
lower 

4 inches 

Number 
alive in 
upper 

4 inches 

Number 
alive in 
lower 

4 inches 

Number 
alive in 
upper 

4 inches 

Number 
alive in 
lower 

4 inches 

Number 
alive in 
upper 

4 inches 

Number 
alive in 
lower 

4 inches 

May 8-. 

60 

20 

32 

28 

24 

12 

48 

52 

May 15. 

8 

24 

8 

24 

0 

36 

40 

56 

May 22 . 

4 

16 

6 

4 

4 

6 

46 

46 

May 31. 

4 

10 

2 

2 

2 

4 

41 

43 

June 12. 

• 0 

0 

0 

. 0 

0 

0 

“29 

1 

^17 


« Eleven others had pupated. * Twenty-four others had pupated. 


In the untreated soil the larvae remained normal and were pupat¬ 
ing by June 12, while in the arsenated soil the larvae were succumbing 
to the poison and by June 12 all were dead. 

EXPERIMENT NO. 2 

Wire-screen cages, 16-mesh wire, 5 feet square by 5 feet in height, 
were employed. These were set up in a row outdoors on July 1, 
1922 , wim the cage baseboards sunK in the ground. The soil in the 
individual cages was treated on July 2, 1922, as shown in Table 3. 

Table 3. —Results of experiment No, 2 with larvae of the Japanese beetle in 

arsenated soil 


Cage 

No. 

Treatment of soil in cage made July 2,1922 

Number of larvae 
found Sept. 1 

In un¬ 
treated 
soil of 
cage 

In 

treated 
soil of 
cage 

1 

Control, soil not treated..... 

476 


2 

Soil received add lead arsenate « at rate of 1,000 pounds per acre. 

0 

3 

Soil received acid lead arsenate at rate of 2,000 pounds per acre. 


0 

4 

One-half soil area of cage received acid lead arsenate at rate of 1,000 pounds 



per acre; remainder of soil area untreated^... 

268 

0 

5 

Same as 4, but arsenate employed at rate of 2,000 pounds per acre. 

231 

0 















July 1, 1926 Experiments with Arsenates as Soil Insecticides ‘ 5 


Twelve hundred and Japanese beetles were placed in each 
cage, in lots of 250 at intervals of 4 days, beginning July 5, and. 
smartweed was supplied as food. The beetles deposited eggs indis¬ 
criminately in both the treated and the untreated soil, but the 
larvae coming from those deposited in the treated soil died very , 
shortly after hatching. 

EFFECT OF ARSENATED SOIL ON PLANTS 

The effect of arsenated soil on plants depends upon the nature of 
the arsenate. The experiments at the Japanese Beetle Laboratory 
indicate. that the arsenates nontoxic to the larvae are nontoxic to 
plants. The basic arsenate of lead, the magnesium arsenate, and 
the ferric arsenate are typical examples in this respect. When 
mixed with soil at the rate of 3,000 pounds per acre, these arsenates 
did not seem to inhibit the growth of the common garden bean to 
the slightest extent. 

The arsenates which proved toxic to the larvae also proved toxic } 
to plants, although there were some outstanding exceptions. The ' 
arsenates of copper, zinc, and calcium were decidedly toxic to plants, ! 
only one plant {Pteris wimsetti) withstanding them to any appreciable j 
extent. It was, however, with acid arsenate of lead that the out- j 
standing instances of plant resistance to a larva-killing arsenate were 
encountered. The presence in the soil of relatively large amounts 
of this compound is tolerated to a surprising extent by nasturtium, 
snapdragon, Pteris xoimsetti^ Vinca minor^ Clematis 'jjamculata^ and ! 
certain of the grasses. These plants were equal in growth to the ’ 
controls, and in several instances were superior to them, notably in 
the case of Pteris wimsetti. Nasturtium and snapdragon bloomed 
normally when grown in soil containing acid lead arsenate at the 
rate of 2,000 pounds per acre. On the other hand, certain plants 
such as Salvia svlendenSj Calendula, and strawberry made no growth 
in soil so treated, while there are numerous plants which have some ; 
resistance to this arsenate, the degree of resistance varying with the ; 
species. In general, the results of the experiments indicate that ; 
the plant phase of tne problem offers much of fundamental interest j 
to the plant physiologist. 1 

SOIL ACTION UPON ACID LEAD ARSENATE s | 

Acid lead arsenate undergoes chemical change when mixed with | 
moist soil, the nature of the change being indicated by the reaction 
of the plant and insect. In all probability the compound is acted 
upon by the soil solution, with the consequent formation of insoluble 
basic arsenates and soluble arsenates, with the latter ultimately | 
leaching away or being absorbed or possibly rendered impotent by ! 
buffer reactions. The presence of soluble arsenic is indicated by the 
stunting of plant growth, while the formation of insoluble basic 
arsenates is indicated by a certain degree of loss of toxicity toward 
the larvae. 


5 For the most complete account of the action of the soil solution upon acid arsenate of lead see the following; 
Stewart, J. some relations oe arsenic to plant growth: part i. Soil Sci. 14: 111-118. 1922. 

-and Smith, E. S. some relations of arsenic to plant growth: part 2. Soil Sci. 14: 119-126, 

illus. 1922. 
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This decrease of toxicity toward the larvae, however, depends upon 
the amount of acid lead arsenate applied to the soil, as indicated in 
Table 4. 

Table 4. —The decrease in toxicity to the larvae of the Japanese beetle caused by 
the action of the soil solution upon the arsenate of lead applied 


Pounds 

per 

acre 

Number of days required to kill larvae 
introduced into soil which had been 
mixed with the arsenate for various 
periods of time 

Imme¬ 

diately 

after 

mixing 

After 

being 

mixed 

1 year 

After 

being 

mixed 

2 yeai-s 

After 

being 

mixed 

3 years 

500 

40 

(“) 

(«) 

(«) 

1,000 

18 

40 

40 

40 

1,500 

10 i 

(«) 

(“) 

(“) 

2,000 

7 

10 

10 

10 


a No data. 


It will be noted that there is a certain loss in toxicity to the larvae 
due to the breakdown of a part of the arsenate in the soil, whereupon 
the degree of toxicity persisting tends to remain constant. In prac¬ 
tice, therefore, it would seem advisable either to apply a sufficient 
initial quantity of arsenate to allow for the loss in toxicity of a 
portion, or to reinforce a small initial application with a subsequent 
supplementary one. How long the toxicity to the larvae oi the 
larger applications will endure, and the various factors influencing 
this are not known, but experiments are now under way to obtain 
data along these lines. 

THE PRACTICAL USE OF ACID LEAD ARSENATE AS A SOIL 

INSECTICIDE « 

The experimental data outlined above have been applied to the 
solution of certain problems, and a considerable quantity of acid lead 
arsenate is now being used in the quarantined area. At present acid 
arsenate is being used extensively for freeing sod of larval infestation 
and maintaining it in that condition. 

Large quantities of field-^own perennials are dug in the early fall 
by certain of the local nurseries after the beetle flight is over, potted in 
clean soil, and the pots plunged into cold frames the soil of which has 
been treated one month previously with acid lead arsenate at the 
rate of 1,500 pounds per acre ^ (3.5 pounds per square foot). The 
arsenate is spread evenly on the surface and worked in to a depth of 
4 inches, the work being preferably done when the soil is on the dry 
side. Under the system just described this potted stock can be held 
for future shipment with no danger of infestation. The pots could 


»Tlie foregoing account of this work was written in August, 1924. Since that time the writer, assisted 
by J. W. Lipp,of the Japanese Beetle Laboratory, has continued the work, paying especial attention to 
the use of acad lead arsenate as a poison for the larvae of the Japanese beetle in lawns and golf greens, which 
work to sho^ that many of the finer grasses, notably the bents, do remarkably well in poisoned soil 
while the grub is effectively controlled. Extensive grass plot tests are now under way along these lines. 
See Leach, B. R., and Lipp, J. W. a method of gbxjb-peoofing turf. BuI. Green Sec. U. S. Golf 
Assn. 6:34-39, iilus. 1926. 

y The narrow paths between the cold frames are also treated. 
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not be placed in untreated soil without the ever-present danger of 
larvae working their way into the pots through the holes at the 
bottom. 

Several of the local nurseries have also treated areas of ground of 
an acre or less with arsenate of lead in order to have availaWe a piece 
of ground free of larvae for the purpose of heeling in deciduous 
shrubbery, iris, peonies, funkia, etc., during the shipping season. 
In treating larger areas of this sort the arsenate is applied to the 
plowed groimd (1,500 pounds per acre) with a fertilizer drill and 
thoroughly worked over with disk and spiketooth harrows, the work 
being done when the soil is on the dry side and a month before the 
ground is to be used for the above purpose. Soil taken at random 
from areas so treated and placed, in a flowerpot, within two weeks, 
gave 100 per cent mortality of larvae placed therein. Moreover, no 
larvae were found in the soil so treated 14 months later at the con¬ 
clusion of the nexit yearns beetle flight, indicating that the larvae 
emanating from eggs deposited therein quickly succumbed. Soil 
treatment of this sort is supervised by the quarantine officials, and 
thoroughness of application is insisted upon. 

The ultimate effect of lead arsenate on soil so treated is not Tcnown at 
present, and it is urged that only the minimum area of ground necessary 
for the conduct of business, he so treated, 

EXPERIMENTS WITH COATED ARSENATE OF LEAD 

In view of the chemical change which acid lead arsenate undergoes 
in the soil and the complications arising thereby in the use of this 
compound as a soil insecticide, the idea was conceived of coating the 
impalpable particles of the arsenate with materials which would 
prevent the chemical action of the soil solution upon the arsenate 
but which would be broken down by the gastric juices in the intestinal 
tract of the larvae, thereby exposing the arsenate of lead and per¬ 
mitting its toxic action. 

Oils, fats, waxes, and various plant, animal, and mineral compounds 
of the type suitable for this purpose have been tested in this connec- ^ 
tion during the last three years, a method of coating suggested by | 
P. A. van der Meulen of Rutgers College being employed. This 
method consists essentially in dissolving the coating material in some ‘ 
suitable solvent such as benzene or alc(mol, stirring in the arsenate of f 
lead, and evaporating to dryness. Perfect coatings can be obtained ; 
by this method, 100 grams of lead arsenate being coated with 5 to 15 [ 
grams of coating material. With a larger proportion of the coating \ 
material the finS product is likely to be too sticky for use in soil. | 

The results of the experimental work with coated arsenate of lead [ 
to date have been negative; the coating materials have been destroyed | 
by the soil action, thereby exposing the arsenate of lead to the soil j 
action. Until recently it was tnought that the destruction of the coat 
was entirely a chemical action, but it is rather far-fetched to attribute 
the loss of such a chemically inert coating material as parafiin to the 
action of the relatively dilute soil solution. In this connection tests 
made at this laboratory by W. E. Pleming indicate that ceKain soil ; 
organisms are responsible for the loss of the paraffin coating. It is 
therefore proposed to continue the work on the coating of arsenate 
of lead for use in soil, special attention being given to both the chemical 
and soil-biological aspects of the problem. 
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SUMMARY 

The larva of the Japanese beetle, PopiUia japonica Newm., dies 
when it feeds in soil containing a sufficient amount of certain arsenates. 
The compounds tested in this connection were basic and acid lead, 
magnesium, zinc, copper, calcium, and ferric arsenates. The basic 
lead, magnesium, and feme arsenates weves nontpxic to the larva. 
Acid lead arsenate proved the most satisfactory from the standpoint 
of larval toxicity. At a soil temperature of 60° F. the larva succumbs 
to the acid lead arsenate in a certain number of days when feeding in 
soil treated with the compound, the number of days required to Idll 
the larva depending upon the concentration of arsenate. The 
arsenates nontoxic to the larva proved also to be nontoxic to plants. 
Of the arsenates lethal to the larva acid lead arsenate was least toxic 
to plants. Nasturtium, snapdragon, Pteris mimsetti, Vinca minors 
Clematis paniculata^ and Poa annua, grew normally in acid lead 
arsenate applied at the rate of 2,000 pounds per acre. Many plants 
showed considerable tolerance for the compound, while many others 
tested were severely checked in growth. Acid lead arsenate under¬ 
goes chemical change when mixed with moist soil, the tendency being 
toward the formation of basic arsenates. Acid lead arsenate applied 
at the rate of 1,500 pounds per acre is now being used to a considerable 
extent b^" nurseries in the area infested by the Japanese beetle as a 
means of freeing soil of the larva and keeping it free. The results of 
experments in coating the particles of lead arsenate for the purpose 
of resisting soil action have been negative so far. 


WORK AND PARASITISM OF THE MEDITERRANEAN 
FRUIT FLY IN HAWAII IN 1921' 


By H. F. Willard, Entomologist, and Theodore L. Bissell, Plant Quaranti 
Inspector, Tropical and Subtropical Fruit Insect Investigations, Bureau of Eni 
mology. United States Department of Agriculture 

INTRODUCTION 

The Mediterranean fruit fly (Ceratitis capitata Weidemann 
considered by many to be the most destructive insect jest of tropic; 
and subtropical fruits, was first found in the Hawaiian Islands i 
1910. Since then various methods of bringing it under contr« 
have been tried. Clean culture (the destruction of all host fruits 
spraying with poisoned baits, trapping, and covering fruits befoi 
infestation occurs, have all been thoroughly tested. No practicab, 
method of control, for general Hawaiian conditions, has yet bee 
discovered. However, under the peculiar conditions existing in tt 
Kona coffee fields on the island of Hawaii, introduced parasites ha\ 
so decreased the number of fruit flies that the coffee cherries are no‘ 
nearly free from infestation. 

In Hawaii, natural enemies accomplish a greater degree of contrc 
than any other agency. In a previous publication (7)^ it was show 
that the ant Pheidole megacephala Fab. may destroy from on^ 
third to four-fifths of the fruit-fly larvae developing in fruits whic 
have fallen to the ground. Other natural enemies of minor iif 
portance occur; but the most effective natural control has bees 
accomplished by four species of larval parasites which were intrc 
duced by the Territory of Hawaii. Two opiines, Opius humih 
Silvestri from Africa and Biachasma tryoni Cameron from Australie 
were introduced in 1913; and one ojiine, BiacTiasmafuUawayi^ilvQ,^ 
tri, and one chalcid, Tertastichus giffardianus Silvestri, from Afric 
in 1914. 

The Bureau of Entomology of the United States Department q 
Agriculture has kept careful records of the degree of parasitisr 
attributable to each of the four species since thefi liberation in 1914 
Records of the amount of infestation of different fruits by the frui; 
fly since 1916 have also been kept. These records have been madj;, 
from almost daily collections of fruits from the vicinity of Honq 
lulu, from which careful counts of parasitized and nonparasitize| 
flies have been made. Such records are a good guide to the progreq' 
of each parasite under Hawaiian conditions, and give definite ini 
formation on the number of flies destroyed by parasites each year. | 

y 

RECORDS OF PARASITISM 

The results of these observations for 1914 to 1920, inclusive, hav 
been published (I, 4, d, 5, 9) annually, except those for 1919 an< 

1920, which were published in one paper. 

1 Received for publication Dec. 12, 1926; issued July, 1926. * | 

a Reference is made by number (italic) to “ Literature cited,” p. 15. 
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The data in Table 5 show tliat since 1916 the yearly variation in 
arasitism has not been great, but that considerable variation occurs 
ver a period of three years. The parasitism during 1916 was 33.2 
er cent, increasing to 55.8 per cent in 1918; in 1919 it dropped to 
S.2, and increased in 1921 to 56.4. Abundance of adult flies in the 
eld is indicated by the nmnbers of maggots in the host fruits. In 
913 and 1914, before parasites had become established, Ceratitis 
ipitata ev^ently reached its maximum abundance. No statistical 
icords which might give the exact degree of infestation of different 
ost fruits were compiled before the liberation of the parasites, 
[owever, numerous statements made to the writers by fruit growers, 
itomologists, and others whose observations were considered 
fliable, all definitelj^ agree that maximum infestation occurred at 
lat tune, and also that there was a very noticeable decrease in 
ifestation during the first three years after the liberation of parasites. 

If records of the average number of maggots per fruit are made 
"om a sufficient^ large number of fruits each year, they will show 
he comparative abundance of adults in the field from year to year. 
Lecords of this kind were begim in Honolulu in 1916. Table 1 
ives the average infestation of each fruit in 1921, together with the 
umber of fruits and larvae under observation. During the 3 ^ear 
33,646 fruits were collected, from which 677,575 larvae were taken, 
his collection being typical of the large numbers of fruits from which 
he records have been made each year. 

'ablbj 1. —Extent of infestation of host fruits hy larvae of Ceratitis capitata in 

Hawaii in 19S1 


Host fruit 

Number 
of fruits 
collected 

Number 
of larvae 
emerging 

Average 
number 
of larvae 
per fruit 

adian almond (Terminalia cataum)__ _ 

30 90R 

32.5 865 

10 5 

lango (Mangifera indica)___ 

ioffee (Coffea arabical.. 

1, 525 

4 173 

5,'961 

3 ! 9 

trawberry guava (Psidium eattleianum). 

•lack myrobalan (Terminalia chebula). 

3 ; 575 

12,' 176 
91 048 

sA 

7 0 

ranch cherry (Eugenia uniflora)_ 

Vest Indian medlar (Mimusons elenai) ^ 

apodilla (Achras sapota). 

!arambola (Averrhoa carambola)___ 

.oquat (Eriobotrya japonica). 

16,'901 
4,058 
249 
222 
701 

3 C 546 

26,737 

1,985 

222 

3 168 

1.‘9 
6.6 
8.0 
1.0 
4. 5 

Shinese orange (Citrus japonica). 

fuava (Psidiuru guajava). 

Grange (Citrus aurantium).. _ _ 

'angerine orange (Citrus nobilis)__ 

loronhia emaiginata_ 

49,118 
6,306 
1,467 

1,065 
201 

127^947 

42,052 

3,240 

3,290 

365 

2 I 6 

6.7 

2.2 

3.1 

1 R 

)ehrosia elliptica.. _ _ 

193 

OftO 

ik 0 

1 K 



aOU 

U 0 


The data in Tables 1 and 2 were obtained from host fruits gathered 
or the purpose of obtaining records of fruit-fly parasitism, and 
)nly ripe, well-infested fruits were collected. Eldible host fruits 
kicked for market are removed from the trees in the earliest stages 
)f maturity, when they have been exposed to a minimum of fruit-fly 
ittack and show very little, in some cases no, infestation. Tables 1 
tnd 2, therefore, are not records of the infestation of fruits intended 
or commercial purposes. 

Table 2, for purposes of comparison, gives the average number 
)f maggots per fruit for each year from 1916 to 1921, inclusive, 
together with the average per fruit for the 6-year period. The extent 
these observations is indicated by tljf fact that 788,826 fruits 
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were collected, from which 2,830,310 larvae were taken. A coi 
parison of the average infestation per fruit in all species of hos 
during each year, with the average infestation for the 6-year perio 
shows that the proportion of hosts with more than average infest 
tion steadily decreased from 1916 to 1920, and greatly increased 
1921. In 1916, 47.1 per cent of the total number of species of he 
fruits had a higher average number of larvae per fruit than the ayera 
for the 6-year period shovm in the last column of Table 2. Simil 
comparisons for the five years which followed show that in^ 19 
40 per cent of the host fruits were over the 6-year average in i 
festation; in 1918, 35.3 per cent; in 1919, 33.3 per cent; in 192 
31.6 per cent; and that in 1921 the number increased to 68.8 p 
cent. The unusually high infestation of fruits during 1921 w 
accompanied by the greatest abundance of parasites since th£ 
liberation, resulting in a total parasitism for the year of 56.4 per cer. 


Table 2. —Average number of Ceratitis eapiiata larvae per fruit in Honolulu for i 
period 1916 to 1921 ^ inclusive, and for each year of the period > 


Average number of larvae per fruit 


Host fruit 


1916 


1917 


1918 I 


Indian almond. 

Mango. 

Coffee. 

Strawberry guava.:. 

Black myrobalan. 

French cherry. 

Satin leaf (Chrysophyllum olivaeforme) 

Rose apple (Eugenia jambos). 

West Indian medlar... 

Sapodilla. 

Carambola. 

Yellow oleander (Thevetia neriifolia)_ 

Loquat.j. 

Chinese orange. 

Guava. 

Orange..... 

Tangerine orange. 

Lime (Citrus medica limetta). 

Noronhia emarginata... 

Orehrosia elliptica. 

Kamani (Calophyllum inophyllum)_ 

Peach (Amygdalus persica). 

White sapote (Casimiroa edulis). 

Wampi (Clausena wampi). 


9.5 

1.7 


1.6 

7.0 

.8 

2.0 

5.5 

5.3 


1.3 

3.6 


8.0 

8.1 

.8 

2.0 

5.9 

1.0 

3.4 

8.8 

1.8 

4.7 

1.6 

5.7 

2.6 


9.9 

24.4 

.6 

1.3 

4.8 

1.0 

3.2 


2.5 


.9 

6.0 

1.8 


3.1 1.8 1,8 

6.8 4.5 8.5 


1.7 . 1.1 


3.1 

3.3 

20.5 


23.5 

2.4 

15.2 


2.4 

22.4 


2 


1919 



8.4 

3.7 


5.5 

3.5 


|For 1 
6“ye> 
perit 


10.5 

3.9 


} 


.4 .6 .4 

1.2 1.2 3.4 

4.7 6.9 7.0 ( 


.9 

5.0 


1.4 1 1.9 

4.7 I.. 

11.5 .. 


.05 .2 

1.7 1.9 

3.4 .. 

2.5 2.4 

9.8 7.2 

3.3 6.0 


1.2 

.1 


8.0 

1.0 


4. 5 
2.6 
6.7 
2.2 
3.1 


1.8 

1.5 


6.0 

13.6 


4.9 

15.6 


5 ’ 

3 '. 

18. 

t' 

f' 


The data in Table 3 are recorded to show the ability of each specii 
of parasite to attack its host in different species of fruits, and to indl 
cate any preference on the part of each parasite for particular hoi 
frmts. _ Opius humilis, DiacJiasma tryoni, and D, fullawayi, all of whief 
oviposit in the larvae of Ceratitis capitata from the outside throurf 
the skin of the fruit, are capable of parasitizing only those maggol 
which are very close to the outer surface, where they are within reaci 
of the parasite’s ovipositor. Consequently, the ability of thes 
opiines to attack their host is much greater in small fruits and i 
those containing a large seed covered by a thin layer of pulp int 
wMch the maggots can not penetrate deeply. The ability of Tetrc 
sticTius giffardmnus to parasitize 0, capitata depends more upon th 
nature of the fruit than does that of the opiines. This parasit 
enters the fruit and searches out the host larvae in which to oviposi 
and a crack or other opening in the skin is necessary before it ca 
reach its host. V 
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i.BLE 3 .—Percentage of larval parasitism of Ceratitis capitata in Hawaii in 1921 


Host fruit 

Month 

Number 
of lai’vae 

Percentage of parasitism 

emerging 
during 
first 2 to 

6 days 

Opius 

humilis 

Diachas- 
ma tryoni 

Diachas- 
ma fuil- 
awayi 

Tetrasti” 
chus gif- 
fardianus 

Total 


April.. 

4,440 

8.3 

6.4 

0.1 

0.5 

15.3 


May. 

16,676 

19.4 

58.7 

1.3 

1.8 

81.2 


June. 

2,750 

25.0 

34.4 

.8 

6.6 

66.8 


July. 

8,487 

3.6 

28.3 

4.2 

19.5 

56.6 


August. 

12,976 

5.9 

21.9 

4.2 

39.7 

71.7 


September. 

5,431 

6.3 

28.4 

1.5 

38.9 

75.1 


October. 

3,904 

3.1 

31.9 

.5 

33.3 

48.8 


November. 

4,253 

3.4 

26.3 

1.2 

20.4 

61.3 


December.. 

673 

6.5 

28.5 

3.0 

26.2 

64.2 

ango__ 

April. 

220 

9.1 

5. 9 

8.2 

3.2 

26.4 


May_ 

22 


9.1 



9.1 


June. 

171 

3.5 

11.1 

8.8 

10.0 

33.4 


July.. 

325 

2.2 

22.2 

9.2 

6.6 

40.1 

iffee.. 

January_ 

41 

19. 5 

2.4 

4.9 


26.8 


February. -. 

400 

12.3 

7.7 

19.7 


39.7 

"awberry guava. 

.do..I. 

122 

.8 



.8 

1.6 

March. 

230 

11.3 

12.2 

13.9 

1.3 

38.7 


April. 

471 

3.4 

4.2 

3.6 

.2 

11.4 


June. 

392 

2.5 

21.7 

27.8 

26.5 

77.6 


July. 

400 

3.0 

34.5 

24.0 

21.2 

82.7 


October. 

197 

6.7 

19.3 

1.0 

46.2 

73,2 

ack myrobalan 

February.. 

1,878 

.3 

7.1 

.5 

15.3 

23.2 


October!. 

4,127 

.7 

10.4 

7.7 

.6 

19.4 


November_ 

2,051 

1.6, 

15.3 

12.9 

4.8 

34.6 

ench cherry.__ 

January_ 

526 

12.3 

38.0 

10. 5 

4.4 

65.2 


February. 

1,199 

5.5 

36.5 

28.2 

12.9 

83.1 


March.. 

13 

7.7 


23.1 

23.1 

53.9 


June__ 

262 

3.8 

44.7 

31. 7 


80.2 


J uly. 

76 

2.6 

21.1 

25. 0 

9.2 

57.8 


September. 

8U 

1.2 

19.8 

36.7 

3.6 

61.3 


October. 

2,058 

1.7 

32.4 

46.1 

3.1 

83.3 


November. 

1,483 

4.6 

19.2 

17.8 

3.5 

45.1 

est Indian medlar-... 

March. 

330 



.3 


.3 


April__ 

1,^ 

2.1 


.7 

. 5 

3.3 


May_ 

168 

5.4 

6.4 


1. 2 

13.0 

ipodilla_ 

June.. 

170 

2.4 

1.8 

1.8 

18.2 

24.2 


July.. 

44 




40.9 

40.9 

arambola_ 

September. 

17 


5.9 


58.8 

64.7 


October.... 

73 

6.9 



64.4 

71.3 

oquat_ 

February. 

559 

1.2 

21.1 

36.3 

1.3 

59.7 

hinese orange __ 

January_ 

69 

1.5 

10.1 

4.4 

7.2 

23.2 


February. 

467 

1.3 

4.1 

2.4 

1.7 

9.5 


March. 

636 

5.8 

1.4 

4.4 

3.3 

14.9 


April. 

757 

8.1 

3.8 

8.1 

4.6 

24.6 


May. 

994 

5.8 

17.3 

3.9 

1.9 

28.9 


June. 

248 

8.9 

10.5 

.8 

20.1 

40.3 


July. 

200 

3.0 

8.0 

1.6 

37.0 

49.5 


August. 

33 


6.1 


18.2 

24.3 


September_ 

38 

7.9 

2.7 


7.9 

18. 5 


October.._ 

16 

13.3 



13.3 

26.6 


November. 

205 

2.4 

2.4 

.5 

8.3 

13.6 


December. 

477 

5.0 

6.7 

2.1 

1,9 

15.7 

uava___ -- 

January.... 

61 


1.6 


22.9 

24.5 


February.. 

245 


12.7 

9.0 

6.6 

28.2 


March. 

558 

1.6 

11.8 

1.6 

37.3 

52.3 


April. 

349 

5.7 

8.3 

2.6 

42.7 

59.3 


May. 

548 

.4 

14,2 

5.5 

37.0 

57.1 


June. 

369 

1.4 

9.5 

3.9 

20.3 

35.1 


July. 

138 

8.0 

10.9 

5.1 

31.1 

55.1 


August. 

627 

4.0 

10.7 

4.1 

36.2 

65.0 


September_ 

112 


24.1 


4.5 

28.6 


October.. 

168 


4.2 

11.3 

19.6 

36.1 


November. 

1,168 

2.3 

1.0 

1.1 

68.8 

73.2 


December. 

459 

1.7 

.4 

2.0 

65.8 

69.9 

'range.. _ 

January_ 

97 

2.1 

5.1 


7.2 

14.4 


February_ 

96 

1.0 

7.3 


15.6 

23.9 


March__ 

46 




37.0 

37.0 


April__ 

6 







May_ 

27 


3.7 

3.7 

14.8 

22.2 

'■1 

June__ 

34 

2.9 


2.9 

41.2 

47.0 

♦ 

July _ _ 

7 



14.3 


14.3 


September. 

39 

2.6 

7.7 

5.1 

43.6 

69.0 


October 

6 




50.0 

50.0 

^Btandarin orangs.--.^-. 

May_ 

31 

6.4 

22.6 

3.2 

9.7 

41.9 


June._ 

63 

3.2 

20.6 


1.6 

26.4 


September..^_ 

169 

2.4 

.6 

1.2 

12.4 

16.6 

iSf oronhia exnarginata_ 

July 

75 


1.3 



1.3 




_Jt2L 
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Parasitism of the Mediterranean Fruit Fly in Hawaii * ] 


Table 3 clearly shows this variation in effectiveness in differei 
fruits. Indian almond (Terminalia catavpa) is a good example of 
fruit having a large seed and thin pulp. Its seed is from 1 to 2 inch- 
long, about 1 inch ^vide, and 34 to % inch thick, and is surrounds 
by 34 to inch of pulp, which is firm in texture and does not breg 
easily when the fruit falls to the ground. It is usually well infestt 
with maggots, and is available for collection about Honolulu near 
every month of the year. In this fruit, during 1921, the total par, 
sitism by the opiine parasites was greater than that of Tetrastich'i 
giffardianm for seven months and less for two months. Gua's 
(Psidium guajava) and orange {Oitrus aurantium) exemplify the lar^ 
pulpy type of fruits in which T. giffardianus is more effective ths 
the parasites which attack the maggots from the outside. Wht 
guavas ripen the}^ fall off and often crack open upon impact wil 
the ground, or there are holes in them made by birds or certa: 
insects which allow T. giffardianus to enter freely and attack its hos 
Infested oranges, although they do not usually break open when th^ 
hit the ground, contain breathing holes made by fruit-fly larvae (I 
through which T, giffardianus finds access to its host. In 1921 tl 
parasitism of Cerahiis capitata by T, giffardianus in guavas wi 
greater than the total parasitism by the three braconid parasites f( 

10 months and less for two months. In oranges, in 1921, it wt 
greater for six months, the same for one month, and less for oi 
month. The work of T. giffardianus is of special value because 
attacks its host very readily in fruits where the maggots are ina» 
cessible to the other three species, and particularly in guavas, whit 
is the most abundant and widely distributed host of the fruit fly i 
Hawaii. 

The percentages of parasitism shown in Table 3 indicate that a 
four parasites will attack their host in any fruit where the maggot 
are accessible, showing no great preference for maggots in one specif 
of fruit over those in another. Diachasma fullawayi, however, h^^ 
attacked the larvae in French cherry {Eugenia uniflora) , strawberr; 
guava {Psidium cattleianum) , loquat {Erioootrya japonica) , and coffe" 
XGoffea arabica), much more heavily than it has the larvae in othe 
fruits. ;• 

Table 4, giving the percentages of parasitism by each species f 
all fmits under observation for each month in the year, shows ttj 
efficiency of each parasite during all seasons. In 1921 Opius humm 
was the most effective species for one month, Diachasma tryoni f<| 
six months, and Tefrastichus giffardianus for five months. Simild; 
tables pi’eviously published 4, d, 5, 9) show a steady increase in tl| 
relative importance of T. giffardianus^ In 1915 and 1916 it wf 
neither ficrst nor second in amount of parasitism during any mentis 
In 1917 and 1918 it was fixst in no month, but was second in relati\tf'^ 
importance during four months of each year. In 1919 it was SiM 
for one month and second for five months. In 1920, it was first f® 
two months and second for one month, whereas in 1921 it had iiE 
creased to the point where it was the most valuable parasite of thB 
four for fi.ve months and the second most valuable for one montM 
Much of the parasitism by this species has been in the more AoshB 
fruits, where the opiine parasites work with difficulty, so that ifl 
great increase during 1921 considerably increased the total parasi® 
ism of Ceratitis capitata for that year. * ■ 
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.BLE 4 .—Total parasitism of Ceratitis capitata larvae from all fruits collected in 
Hawaii in 1921 {averaged hy months) 




Percentage of parasitism 

Month 

Number 
of larvae 

Opius 

humilis 

Diachas- 

ma 

tryoni 

Diachas- 
ma fulla¬ 
wayi 

Tetrati- 

chus 

gillardia- 

nus 

Total 

;uary_____ 

794 

9.6 

26.9 

7.6 

6.2 

50.3 

)ruary__..... 

4,966 
1,813 
7,806 
17,466 
4,449 
9,752 
13,636 

2.7 

15.7 

13.3 

9.8 

41.5 

jch.-____ 

4.0 

5.7 

4.0 

13.9 

27.6 

rU. 

6.6 

4.8 

1.6 

2.8 

15.8 

.y______ 

17.8 

54.3 

1.6 

2.9 

76.6 

le____ 

16.8 

27.9 

5.6 

10.5 

60.8 

y.. 

3.6 

27.3 

5.3 

19.5 

55.7 

gust.... 

5.8 

21.4 

4.1 

39.4 

70.7 

)tem.ber___ 

6,617 
10,548 
9,160 

5.5 

26.2 

5.8 

33.2 

70.7 

:ober_____ 

2.0 

22.6 

12.4 

7.4 

44.4 

vember..... 

3.0 

18.9 

6.5 

20.1 

48.5 

member.... 

1,609 

4.7 

14.0 

i 

2.4 

30.3 

51.4 




The total parasitism by each species in all fruits as recorded in 
able 5 definitely shows the efficiency of each parasite and the total 
irasitism by all four species from 1915 to 1921, inclusive. Opius 
imilis has "declined steadily in effectivenesss since 1915, when it 
irasitized 31.5 per cent of Ceratitis capitata in all fruits until 1921, 
lien its parasitism was only 7.6 per cent. From a position of firs.t 
iportance in 1915 and 1916, it has been reduced in numbers until it 
liked third in effectiveness in 1920 and 1921. As previously re- 
)rded (8, 5), this decrease is the result of the certain destruction of 
. humilis by either Diachasma tryoni or Diachasma fullawayi when 
ley occur in the same host larva. The two species of Diachasma will 
'obably never eliminate 0, humilis from Hawaii, but they will 
lubtless decrease its numbers to such an extent that it will be the 
ast effective of any of the four parasites, and a very small factor in 
le killing of (7. capitata. It has been maintained as a result of pre- 
ous investigations (S, o) that 0. humilis, being more prolific and 
ipable of destroying a higher percentage of 0. capitata under Hawa- 
m conditions than either species of Diachasma, would be more 
fective, working alone, than 0. humilis, D. tryoni, and D. fullawayi 
jmbined. The steady decrease of 0. humilis, irom a place of first to 
le of very little importance, supports this contention 

^LE 5 .—Total parasitism of all larvae of Ceratitis capitata collected in Hawaii 
from 1915 to 1921, inclusive 



Year 

Number 
of larvae 

- W 

Percentage of parasitism 


Opius 

humilis 

Diachasma 

tryoni 

Diachasma 

fullawayi 

Tetra- 
stichus gif- 
fardianus 

Total 


1915. 

28,010 

1 31.5 

0.3 

5.9 

0.2 

37.9 


1916. 

83,304 

17,2 

13.3 

2.1 

.6 

33.2 


1917. 

72,139 

12.7 

20,3 

7.3 

7.2 

47.5 


1918. 

63,480 

12.4 

34.6 

2.6 

6.2 

65.8 


1919. 

75,406 

9.4 

19.6 

1.6 

7.6 

38.2 


1920. 

57,406 

9.4 

22.7 

12.1 

7.7 

51.9 

! 

1921. 

88.616 

7.6 

26.9 

5.5 

16.4 

66.4 
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Parasitism of the Mediterranean Fruit Fly in Hawaii . IQ 


Biachasma tryoni is shown in Table 5 to have been the most effec¬ 
tive parasite since 1917, and was responsible for 47.7 per cent of the 
total parasitism in 1921. Tetrastichus giffardianus has been increas¬ 
ing slowly in value until in 1921 its effectiveness was more than double 
that of any previous year, and it had advanced to second place in 
importance. No particular reason for the sudden increase of this 
species in 1921 has been observed, but it was probably the result ol 
favorable host and clunatic conditions. 

SUMMARY 

The infestation of fruits in Hawaii by Ceratiiis capitata, and the 
work of the four introduced species of parasites during 1921, have 
not been to any great extent different from what they were in the 
four previous years. There are, however, a few notable points which 
have been brought out in these records. 

The average infestation per fruit in 1921 was higher than usual in 
a number of host fruits, but this condition was accompanied by the 
hipest yearl}^ parasitism on record. 

rercentage of parasitism by Opius humilis continues to decrease, 
and this parasite is still in third place, from the standpoint of para¬ 
sitism over yearly periods; and Tetrastichus giffardianus has ad¬ 
vanced from fourth to second place. 

The average yearly parasitism by all four parasites for the 5-yeai 
period 1917-1921 has been approximately 50 per cent. This destruc¬ 
tion of one-half of all Ceratitis capiiata about Honolulu has kept down 
the nmnber of adults, so that the less preferred host fruits of commer-n 
cial value are harvested with little or no infestation, if removed from 
the trees as early as possible without impairing their value. 
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A HOMOGENEOUS CARBON DISULPHIDE EMULSION^ 


B}’ Walteb E. Fleming 

AssisiaM Entomologist^ Japanese Beetle Investigations, Bureau of Entomology, 
United States Department of Agriculture 

INTRODUCTION 

Carbon disulphide, emulsified in water by means of soaps, is now 
being used throughout the area infested by the Japanese beetle, 
Populia japonica Newm., to destroy the immature^ stages of this 
insect in the soil. All of these concentrated carbon disulphide-water 
emulsions tend to stratify into two or more layers of different compo¬ 
sition which must be agitated to form homogeneous mixtures. ^ 

If a portion of such a concentrated emulsion were diluted without 
agitation and applied to the soil about the roots of plants, the dilution 
made from the heavier layer would have an excessive proportion of 
the insecticide and would be likely to injure the plants, while the 
dilution made from the lighter layer might not be strong enough to 
kill the insect. Experience has shown that these concentrated 
cai'bon disulphide-water emulsions were not entirely satisfactory, 
owing to the variability in the concentration of the dispersed phase, 
and experiments were conducted to make^ an emulsion of carbon 
disulphide which would not have this undesirable property. 

EXPERIMENTAL WORK 

As all of these emulsions contain two immiscible liquids—carbon 
disulphide and water—it w^as thought that a more satisfactory con¬ 
centrated emulsion could be made by substituting for the water some 
other liquid which is more miscible with carbon disulphide. ^ Very 
good concentrated mixtures of this t^e were made by dissolving the j 
carbon disulphide in methyl or ethyl alcohol. The ailute emulsions • 
were made by precipitating the carbon disulphide from the alcoholic ! 
solution by the addition of water. This procedure, however, which i 
was used in the ease of certain oils by Lewis (6) and by Joshi (J), is 
effective only when there is a very small proportion of carbon disul- 
phide in the alcoholic mixture. Since it is desirable to have a largo ?: 
proportion of carbon disulphide in these mixtures, it was thought 1 
necessary to add a suitable third substance. [ 

Investigators have observed that the addition of 5 per cent methyl i 
alcohol to mixtures of ethyl alcohol and petroleum (1) increased the ^ 
stability of the mixtures when diluted with water. Transparent i 
homogeneous emulsions can be made by adding glycerol to a solution 
of calcium oleate in carbon tetrachloride p. 30), A solution of a 
cresol soap (4) has been prepared from linseea oil, potassium hydrox¬ 
ide, alcohol, water, and crude cresol, and a liquid soap with formalde¬ 
hyde (3) has been prepared from castor oil saponified with alcoholic 

I Received for publication Dec. 2, 1925; issued July, 1926. Contribution No. 10 from the Japanese 
Beetle Laboratory, Bureau of Entomology, United States Department of Agriculture, Riverton, N, J. 
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potassium hydroxide, water, and formaldehyde; hut, so far as the 
writer has been able to determine, no concentrated mixture of carbon 
disulphide has been prepared with alcoholic potassium hydroxide and 
oleic acid. 

The preliminary experiments for determining the nature of the 
third suDstance to be added to the carbon disulphide-alcohol mixture 
indicated that a soap is the best addition for increasing its stability 
with water. The sodium soap formed from oleic acid and different 

S ortions of sodium hydroxide were not sufficiently miscible with 
on disulphide to be satisfactory, but the potassium soaps formed 
in the same manner mixed well with carbon disulphide and alcohol. 

The next step was to determine the maximum volume of carbon 
disulphide and the optimum quantities of alcohol, oleic acid, and 
potassium hydroxide to be used. Alcohohc potassium hydroxide ^ was 
mixed with U. S. P. oleic and 95 per cent ethyl alcohol, in the propor¬ 
tions of hydroxide 42 c. c., oleic acid 48.5 c. c., and ethyl alcohol 8 c. c. 
This mixture contained about 2 per cent excess of oleic acid over the 
quantity required to react with the potassium hydroxide to assure 
complete conversion of the potassium to potassium oleate, and thus 

E revent the loss of carbon disulphide by the action of potassium alco- 
olate, converting it to potassium xanthate.. This alcoholic potassium 
oleate was mixed with carbon disulphide in the proportions of 1:9, 
2:8, 3:7, 4:6, and 5:5, by volume. Although the lower proportions 
of the alcoholic potassium oleate gave concentrated mixtures having 
the best appearance, there was not sufficient soap to disperse the car¬ 
bon disulphide in water. The mixture 2:8 seemed to have the 
minimum proportion of soap necessary to keep the mixture from 
disintegrating when diluted with water. 

The results having indicated that 70 per cent was near themaximum 
; proportion of carbon disulphide which should be put into the mixture, 
i the percentage of excess ethyl alcohol was varied from 0 to 22, and the 
I corresponding percentage of alcoholic potassium oleate from 30 to 8. 
i Each of these 70 per cent carbon disulphide emulsions was diluted by 
; pouring 5 c. c. of water into 5 c. c. of the emulsion, and, after slight 
j agitation, adding it to a large volume of water. It was not possible 
I to produce a homogeneous dilution by pouring any of these emulsions 
I directly into a large volume of water, but it was possible to obtain 
I such dilutions after the initial dilution obtained by adding an equal 
1 volume of water to the concentrated emulsion. These mixtures 
I made good dilutions with water, the stability of the dilution being 
; proportionate to the amount of soap present. The results of these 
: different mixtures, which are outlined in Table 1, indicate that the 
mixture containing 14 per cent ethyl alcohol, 8.56 per cent oleic acid, 
I and 7.44 per cent potassium alcoholate was the best. Expressed in 
i other terms, the composition of a liter of the best alcoholic carbon 
j disulphide emulsion is: 


C. P. carbon disulphide__ 700.00 c. c. 

95 per cent ethyl alcohol_214.40 c. c. 

U. S. P. oleic acid___ 85.60 c. c. 

XJ. S. P. potassium hydroxide.__14.88 gm, 

* potassiii^Jiydroxide (potassium alcoholate) was prepared by refluxing 100 gm. of U. S. P. 

1 1 pofea^rmi hydroxide wh 400 c, e. of 05 per cent ethyl alcohol, and, after cooling, filtering the supernatant 
I hqmd throng a dry filter. The alcoholate was standardized by titrating a diluted aliquot part against 
! 0.1|N hymrpjmloric acid, using methyl orange as an ind icator, and so adjusted with 96 per cent ethyl alcohol 


as lo cozEtaiik 0,2 gm. of potassium hydroxide per dtr^^^cgntimeter. 
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Table 1. —Characteristics of insecticidal emulsions and their stability when diluted; 
composed of 70 per cent of carbon disulphide and various proportions of alcohol, 
oleic acid, and potassium alcoholate 


Proportions of— 



Ethyl 
alcohol 
(95 per 
cent) 

Oleic 

acid 

Potas¬ 
sium al¬ 
coholate 

Characteristics of concentrate 

Stability of dilu¬ 
tion, 5 :100 of water 

Per cent 
0 

Per cent 
16.05 

Per cent 
13.95 

Considerable floceulent precipitate.. 

Very good. 

2 

14.98 

13.02 

_do__ 

Very good. 

Very good. 

4 

13.91 

12.09 

Floceulent precipitate. 

6 

12.84 

11.16 

.do__ 

Very good. 

Good. 

8 

11.77 

10.23 

_do__ 

10 

10.70 

9.30 

Slight floceulent precipitate.-J 

Good. 

12 

9.63 

8.37 

Transparent amber solution... 

Good. 

14 

8.56 

7.44 

_do____ 

Good. 

16 ! 

7.49 

6.51 

_do____ 

Fair. 

18 1 

6.42 

5.58 

1 .do.—.-. 

Fair. 

20 1 

5.35 

4.65 

.do--... 

Fair. 

22 

4.28 

3.72 

.do.--. 

Poor. 


ADDITION OF OILS OR FATTY ACIDS 

^ Further experiments were made to determine whether the disper¬ 
sion of the carbon disulpliide in water could be facilitated by the addi¬ 
tion of oils or fatty acids to the concentrated emulsion. Mixtures 
were prepared containing 70 per cent carbon disulphide and different 
proportions of alcoholic potassium oleate (95 per cent ethyl alcohol, 
214 c. c.; U. S. P. oleic acid, 86 c. c.; and U. S. P. potassium hydroxide, 
15 gm.), together with coconut oil, cottonseed oil, copaiba oil, linseed 
oil, olive oil, oleic acid, or lactic acid. It was found that satisfactory 
concentrated mixtures could be made with coconut oil, cottonseed 
oil, linseed oil, and olive oil. Of these, the mixture in which 10 per 
cent of the alcoholic potassium oleate was replaced by cottonseed 
oil appeared to be the most ejB&cacious in facilitating the dispersion 
of the carbon (hsulphide in water. The formula of the carbon 
disulphide emulsion was therefore modified to be as follows: 


C. P. carbon disulphide_ 700 c. c. 

U. S. P. oleic acid_ 77 c. c. 

Ethyl alcohol (95 per cent)_ 193 c. c. 

Cottonseed oil (purified)_ 30 c. c. 

IT. S. P. potassium hydroxide_13. 5 ^n. 


To prepare a liter of this alcoholic emulsion, dissolve an excess of i 
potassium hydroxide in alcohol; then filter off the insoluble carbonate : 
and, after determining the hydroxide content by titration against a i 
standard acid, add sufficient alcohol to obtain a concentration of 13.5 i 
gm. of potassium hydroxide in 193 c. c. of alcohol; then pour 77 c. c. 
of oleic acid into each 193 c. c. of the alcoholic potassium hydroxide 
solution; then add 700 c. c. of carbon disulphide and 30 c. c. of cotton¬ 
seed oil to each 270 c. c. of the oleic acid-alcoholic solution. 

The resulting emulsion is amber colored, transparent, and homo¬ 
geneous over a relatively long period. It is readily measured in 
small qua;ntities, and mixes well with water. It must be diluted 
initially with an equal volume of water before being mixed with j 
the larger quantity of water used in the insecticidal treatment in j 
order to obtain a good dispersion^f^bfee carbon disulphide. * ! 
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SUMMARY 

A concentrated carbon disulphide emtdsion has been prepared for 
insecticidal use which is transparent, homogeneous, and readily 
measured in small quantities. It is necessary to pour an equal 
volume of water into the emulsion and agitate it before adding it 
to the larger volume of water used in the insecticidal treatment. 
The composition of this emulsion is given. 

LITERATURE CITED 

(1) Attbert, M., and Dixmier, G. 

1923. STABILITB DES MJELANGES ALCOOL-ESSENCE EN PRESENCE DE L^EAU. 

Gompt. Rend. Acad. Sci. [Paris] 176: 1307-1310, illus. 

(2) Clayton, W. 

1923. THE THEORY OF EMULSIONS AND EMULSIFICATION. 160 p ., illuS. 

London. 

(3) CORDONNIER, E. 

1922. SAVON LiQuiDE Au FORMOL. Bul. Sci. Pharmacol. 29: 559-562. 

(4) Freymuth, a. 

1922. [solution of cresol soap.] Deut. Parfiim. Ztg. 8: 28-30. [Not 
seen. Abstract in Chem. Abs. 17: 613. 1923.] 

(5) JosHi, S. S. 

1924. DIE oberflachenspannung von oel-in-wasser- und wasser- 

in-oel-emulsionen, I. KoUoid Ztschr. 34: 197-201. 

(6) Lewis, W. C. McC. 

1909. grOsse und elektrische ladung der oelteilchen in oel- 
wasser-emulsionen. ztschr. Chem. u. Indus. Kolloide 4: 
211-212. 



CARDIOCHILES NIGRICEPS VIER., AN IMPORTANT PAR¬ 
ASITE OF THE TOBACCO BUD WORM, HELIOTHIS 
VIRESCENS FAB.i 

By F. S. Chamberlin, Assistant Entomologist^ and J. N. Tenhet, Ento- 
7 ?iologistj Southern Field-Crop Insect Investigations, Bureau of Entomology, 
United States Depart7nent of Agriculture 

INTRODUCTION 

The most effective insect enemy of the tobacco bud worm, HeliotMs 
irirescens Fab., in the southern tobacco region ^ of the United States 
is the ichneimion fly, OardiocMles nigriceps Vier. 

While studying the biology and control of various tobacco insect 
pests at Quincy, Fla., the writem made observations and notes on 
the life history and habits of this parasite. The present paper 
summarizes tlie data collected. 

HISTORY 

CardiocJiiles nigriceps was first described in 1912, by Viereck.® In 
1917 Morgan and McDonough ^ made brief mention of the economic 
importance of this bud~worm parasite xmder the name Toxoneura sp. 
Aside from these two references, no mention has been found in the 
literature regarding this insect. 

ECONOMIC IMPORTANCE 

From the standpoint of economic importance, Gardiochiles nigriceps 
stands easily first among several species of parasites that attack the 
tobacco bud worm in the tobacco-growing sections of Georgia and 
Florida. Several seasons^ observations would indicate that it remains ; 
fairly constant in abxmdance from year to year. 

The economic value of this parasite is very difldcult to determine, i; 
owing to the high mortality of young bud worms under laboratory : 
conditions. It appears, however, that many young bud-worm larvae : 
die very quickly as the result of its attack, although the majority | 
approach maturity before they succumb. As the tobacco bud-worm i 
larva continues to do serious damage to tobacco buds throughout j 
its entire period of growth, it is evident that the benefit derived from j 
OardiocJiites nigriceps is more cumulative than immediate. s 

During the early part of the tobacco-growing season the parasite 
is observed only rarely, but as the season advances its numbers 
rapidly increase. In July and August parasitism by this species fre- , 
quently averages from 50 to nearly 100 per cent. 


1 Received for publication Dec. 15, 1925; issued July, 1926. 

2 Northern Florida and southern Georgia. 

3 ViEEECE, H. L, DESCRIPTIONS OP ONE NEW FAMILY, EIGHT NEW GENERA, AND THIRTY-THREE NEW 

SPECIES OF ICHNEUMON-FUES. XT. S. Nat. Mus. Proc. 43: 575-593. 1912. 

< Morgan, A. C., and McDonough, F. L. the tobacco bud worm and its control in the southern 
TOBACCO districts. U. S. Dept. Agr. Farmers' Bui. 819,12 p., illus. 1917. 
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All attempts to breed Oardiochiles nigriceps from hosts other than 
Heliothis tirescens have yielded negative results; nor has it been 
reported as parasitic on other insects. It appears, however, to attack 
the bud worm on its various food plants other than tobacco. The 
I percentage of parasitism on beggarweed {Meibomia sp.), which is the 
favored food plant of the tobacco bud worm during the early fall 
I months, is usually much less than on tobacco at the same season. 
This is apparently due to the fact that beggarweed is scattered over 



Fig. L—Adult of Oardiochiles nigriceps 


great areas of land, whereas tobacco is concentrated on relatively 
small areas. If the last brood of bud worms in the fall confined 
its attack to tobacco suckers, the benefit derived from Oardiochiles 
; nigriceps would doubtless be much greater. 

DISTRIBUTION 

It appears that Oardiochiles nigriceps is limited to the southeastern 
I part of the United States. Many observations show that it is abun- 
j dant in the Georgia and Florida tobacco-growing sections. It has 
jalso been reported from Alabi^^^ija and Mississippi, and has been 
ifotind as far north as Huntsville, ^^^^nd Clarksville, Tenn. 
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CLASSIFICATION AND DESCRIPTION 


CardiocMIes nigriceps is a member of the hymenopterous siiper- 
famil}^ Ichneumo'noidea and family Braconidae. The adult (fig. 1) 
has been well described by Viereck,® as follows: 


Tvpe-localitv.—Savannah, Georgia. 

Type.--Cat.‘ No. 15007, U.S.N.M. 

Cardiochiles nigriceps^ new species. Female, —Length 7.4 mm.; head includ¬ 
ing antennae and palpi, prescutum, scapulae, pleurae, wings, coxae, trochanters, 
fore and mid femora, hind tarsi, tips of hind tibiae and propodeum mostly black 
or blackish, elsewhere, excepting fore and mid tibiae and tarsi which are dark 
brown or blackish, mostly, reddish. Related to C, viator (Say) and C, seminigra 
(Cresson). 

Allotype, —Essentially as in the type. 

Labeled, Toxoneura nigriceps Riley. No. 3956,° reared Aug. 10, 1886, from 
Chloridea rhexia, received from Mr. R. S. Barnoll.’’ 

A series of female paratypes labeled “Am. Sumatra Tobacco Co.,” from 
Quincy, Florida, shows variation in color, 



one specimen in particular having the pre¬ 
scutum and scapulae almost entirely reddish 
and the mid femora with a reddish stain. 
These departures from the typical specimens 
wmuld seem to indicate that this species may 
prove to be a race of C, viator (Say) or C. 
seminigra (Cresson). 


The egg (fig. 2) just before deposi- 
tion, is slender, elongate, sharply 
pointed at one end and more bluntly 
pointed at the other; often slightly 2 .-Eggs of oardwa., 
curved, decidedly thickened in the 

middle, and translucent white. The average length is about 0.57 mm. 
and the average greatest diameter is 0.11 mm. 



Fig. S.—Larva of Cardiochiles nigriceps^ lateral view 
THE lARVA 


The mature larva (fig. 3), as it emerges from the host, is pale 
yellowish green. When viewed dorsally it appears elliptical, slightly 
broader posteriorly. Viewed laterally, it appears more or less cres- 


s VlEEECK, H, L. Op. cit. 
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cent shaped, with a distinct, submedian dorso-ventral muscular 
ridge extending over all but a few of the segments at caudal and 
ceplialic extremities. The well-defined body segments are 13 in 
number. The head is almost entirely retracted and is not chitinized; 
the mandibles are small and practically invisible. The average 
dimensions are approximately 9.4 mm. in length, when extended, 
and 3.4 mm. in depth, dorso-ventrally. 

THE PUPA 

The pupa (fig. 4) at fii^st is creamy white in color, and resembles 
the adult in shape. The appendages are closely folded about the 

body. The pupa gradually darkens, until 
the characteristic adult colors appear and 
can be dimly seen through the silken-walled 
cocoon. 

LIFE HISTORY 
* 

THE EGG PERIOD 

All attempts to dissect the egg of 
Cardiochiles nigriceps from the body of its 
tiny host, or to ascertain the exact length 
of the incubation period, have been unsuc¬ 
cessful. 

The period of oviposition usually begins 
about the middle of April, when the young 
tobacco plants are just becoming estab¬ 
lished in the fields, and continues until 
about the middle of September, when young 
bud worms are becoming scarce. 

THE LARVAL PERIOD 

As it proved impossible to ascertain the 
time when the egg hatched, the' beginning 
of the larval period could not be determined. 
The combined incubation and larval periods 
(including the prepupa), however, ranged 
from about 17 to 21 days in midsummer. 
Pig. 4.--pupa of The lai*va feeds witliin the body of its 

host, developing as the bud worm develops, 
until maturity is reached. The host seldom succeeds in growing to 
I normal size, but usually enters the soil when apparently only about 
, two-thirds grown. The parasitized bud worm never succeeds in 
• pupating. When fully mature the parasite eats a small hole through 
the dorsal or lateral surface of its host, and slowly emerges. Notn- 
ing but the empty skin of the bud worm is left. All records indicate 
that only one parasite can complete its development in each host 
, larva. 

I Shortly after emergence, the larva begins to spin a cocoon. Tliis 
I cocoon is made by the larva turning around and around in the soil, 
I forming a cell* and spinning a tight silken wall. The cocoon can be 
; formed only underground. When the larva is placed on top of the 
eartlj.. it produces a mass of silk, but is unable to complete a cocoon. 
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THE COCOON 

The cocoon is broadly ellipsoidal in shape^ dirty white, and very 
tough. In general aspect it rather closely resembles the cocoons 
of some of the larger Lepidoptera. In size it is usually 8 to 9 mm. 
long and 3 to 4 mm. in diameter. 

THE PREPUPAL. PERIOD 

After completion of the cocoon there is an interval of appx’oxi- 
mately four days before pupation takes place. This interval must 
be considered as a prepupal stage, in which the larva is gradually 
contracting and preparing to pupate. 

THE PUPAL PERIOD 

It has been determined by repeated dissection of cocoons that 
pupation takes place on or about the fourth day after the cocoon is 
lormed. During the summer the length of the pupal period usually 
ranges from 8 to 12 days. 

THE ADULT PERIOD 

Just how long the adult insect lives under normal conditions seems 
never to have oeen established. In the laboratory very few were 
kept alive more than four or five days. When caged, they strive 
continuallj; to escape, and all efforts to induce feeding, copulation, 
or oviposition failed. 

HABITS 

OVIPOSITION 

When the weather is bright and warm, Cardiochiles nigriceps may 
be observed in tobacco fields at almost any hour of the day. Ovi- 
positional activity is much greater in the middle of the day. In 
cool, cloudy weather the parasite appears to be sluggish, and seeks; 
concealment and protection beneath tobacco leaves, weeds, or^; 
debris. 

The female parasite prefers as its victims bud worms in the first; 
instar, although oviposition frequently occurs in second-instar 
larvae. Only one instance has been observed where an egg wasi 
apparently deposited in a larva of the third instar. Large bud 
worms are ignored. ' 

The adult flies slowly from plant to plant, hoovering about each ^ 
one for some little time. Frequently the search ""seems to be made J 
quite systematically. The insect goes carefully over the entire upper i. 
portion of the plant, usually keeping about an inch from the leaf [ 
surface. It gives special attention to the buds and suckers. The b 
tiny bud worm appears to be located by the senses of touch and 1 
smell. Often the parasite will alight and examine some particulars 
spot more closely, feeling carefully with her antennae. Frequently, if ■ 
there are signs of fresh eating on the leaf, she seems to become m 
much excited. The ovipositor is extruded, and the insect makes® 
tentative stabs as though trying to locate the missing bud worm. @ 
Often she will walk over a bud, exploring it carefully with».. herl 
antennae and thrusting her ovipositor into every crack and fold^ip ah i 
attempt to reach the tiny larva in the center of the bud. 1 
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When a bud worm is located, the parasite evinces signs of intense 
excitement. She ta^s the tiny worm all over with her antennae, 
sometimes even knocking it away in her movements. When she has 
determined the exact position of the larva, she straddles it, and, 
extruding her ovipositor, attempts to thrust it into her victim. 
Sometimes she repeatedly misses it and has to turn apparently to 
relocate the worm. The ovipositor is thrust either into the dorsal or 
lateral surface of the larva, usually about the middle, but quite fre¬ 
quently near the caudal or the cephalic end. The act of oviposition 
requires only about two or three seconds. As soon as the ovipositor 
is withdrawn the parasite immediately begins searching for another 
victim. 

There appears to be a marked tendency on the part of OardiocMles 
nigriceps to avoid ovipositing in a bud worm which has previously 
been parasitized. A female will frequently return to a tobacco plant 
which she has left only a short time before, but she ignores the larvae 
which she parasitized on her former visit. Very often a female will 
refuse to oviposit in young bud worms of the preferred size, and it is 
inferred that they have previously been parasitized. 

For two or three minutes after an egg is deposited, the bud worm 
appears to be completely paralyzed. When it is noted that the 
inserted egg is often from one-third to one-half the length of the 
larva, this is not surprising. In a short time, however, the bud 
worm begins feeding again. 

OTHER BEHAVIOR 

As already mentioned, the present writers have no knowledge of 
OardiocMles nigriceps ever having been bred from any insect other 
than HeliotMs virescens. In two instances, however, this parasite 
appeared to attempt oviposition in first-instar tobacco hornworms 
(JProtoparce sexta Joh.). In each instance the hornworms were 
reared to the pupal stage, but no signs of parasitism developed. 
It is very unlikely that the hornworm can serve as a host for this 
parasite. 

Numerous adults of OardiocMles nigriceps have been collected in 
tobacco fields, and examinations have shown that the sexes are about 
equally represented, but the writers have never observed copulation. 

Althou^ the adult insect manifests great excitement under cage 
conditions, in the field it shows no fear of man. A female will work 
undisturbed with an observer standing close beside the tobacco plant. 
The stalk upon which she is resting may even be bent downward for 
closer observation without disturbing her. 

SEASONAL HISTORY 

In the vicinity of Quincy, Fla., adults of OardiocMles nigriceps ap- 

f )ear in the spring soon after tobacco has been set in the fields, usually 
rom the first to the middle of April. By May they are usually 
observed in considerable numbers, and from then until the middle of 

J ieptember they are very abundant. After the middle of September 
he numbers decline, although specimens have been observed in the 
;ueld as late as November 3. Emergence of adults in outdoor cages 
|has been recorded from March 2(buntil September 11. 
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There are probably three or four generations a year in this locality, 
but the last two are much the largest. In July and August tms 

f iarasite is so abundant in tobacco fields that frequently three or 
our ma}^ be observed flying about a single stalk of tobacco. At this 
season oJ the year 50 to nearly 100 per cent parasitism by this species 
is not unusual. 

Cage records checked with field observations indicate that the 
winter is passed in the pupal stage, in the soil below the surface. 

SUMMARY 

OardiocMles nigric^s is the most important insect parasite of the 
tobacco bud worm, neliothis virescens, in the southeastern part of the 
United States. In July and August parasitism by this species 
frequently ranges from 50 to nearly 100 per cent. 

As far as the writers are aware, this parasite attacks only the 
true bud worm of tobacco, Heliothis virescens. 

At Quincy, Fla., the combined incubation and larval periods 
required from 17 to 21 days during the summer months. The pupal 
period ranged from 8 to 12 days. 



VITAMIN A IN POULTRY FLESH AND PAT‘ 


Bj" Ralph Hoagland, Biochemist^ Biochemic Division j and Alfred E. Lee, 

Associate Poultry Husbandman^ Animal Husbandry Division^ Bureau of Animal 

Industry, United States Department of Agriculture 

INTRODUCTION 

In a previous investigation ^ the writers studied the vitamin B 
content of poultry flesh and eggs. In this paper they report the 
results of experiments conducted with rats for the purpose of deter¬ 
mining the vitamin A value of the body flesh and lat of several 
species of domestic fowl. These tests were made on fowls reared 
under ordinary conditions and fed rations which were in general use. 
The vitamin A content of eggs has already been reported by several 
investigators, but there appears to be no information in the literature 
concerning the amount of vitamin A in the products tested by the 
writers. 

EXPERIMENTAL WORK 

FEEDING HISTORY OP FOWLS TESTED 

Since it is probable that the vitamin A content of the flesh and 
fat of poultry is directly related to the amount of that vitamin in the 
diet of the birds, it seems desirable to record briefly the feeding history 
of each lot of fowls tested. 

Barred Plymouth Rock hens. —This lot of birds consisted of four hens which 
had been raised on the experiment farm of the United States Department of 
Agriculture at Beltsville, Md. These chickens, which were hatched in the 
spring of 1923, had free grass range during the growing period, and were fed a 
ration previously described by the writers ^ until 6 months old. The pullets 
were then put in laying pens with moderate-sized yards which contained a fair 
amount of grass during the growing season. The ration fed to the hens from the 
time they were 6 months old until October, 1924, consisted of scratch feed made 
up of equal parts of corn, wheat, and oats, and a mash containing 4 parts rolled 
oats 2.5 parts meat scrap, 2 parts bran, 2 parts corn meal, and 1 part middlings, 
to which was added 5 per cent ground bone and 1 per cent salt. In addition, 
during the fall and winter months the hens were given a light feed of sprouted 
oats or cabbage two or three times a week. From October 1 to December 15, 
1924, the hens received only scratch feed, after which they were fed mash also, 
until killed January 13, 1925, when the average live weight of the hens was 5.5 
pounds. 

Rhode Island Red hens. —This lot of birds consisted of five hens, 22 months 
old, which had also been raised on the experiment farm at Beltsville. These 
hens were raised and kept under practically the same conditions as those described 
for the Barred Plymouth Rock hens. The average live weight of the hens when 
killed, January 31, 1925, was 5.5 pounds. 

Muscovy ducks. —These ducks—three small females and one large male— 
were purchased from a farm in Beltsville. The male bird was hatched in 1923 
and the females in 1924. They were fed lightly on a commercial laying mash 
supplemented with corn meal and whole corn, and they had free range on which 
there was an abundance of green -feed. No additional green feed was provided 
during the winter months, but the ducks were able to get considerable green 
stuff from the range during the early part of that season. The ducks were 
killed February 25, 1925, the average live weight at the time being 6.3 pounds. 


1 Received for publication Nov. 19, 1925; issued July, 1926. 

2 Hoagland, R., and Lee, A. R. antineusitic vitamin in poultry flesh and eggs. Jour. 
Agr. Research 28: 461-472. 1924. 

3 Hoagland, R., and Lee, A. R. Op. cit. p, 463. 
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Pekin ducks. —These birds—3 females and 1 male—were obtained from a 
dealer who had purchased them from a farmer in Virginia. The ducks were 
hatched in the spring of 1924, but no information is available concerning their 
feeding on the farm. The dealer held these ducks for about a month before 
slaughter, during which time they received only a limited amount of green feed. 
The ducks were slaughtered March 7, 1925, the average live 'weight at the time 
being 4.75 pounds. 

Toulouse geese. —Two female geese, approximately 2 years old, were purchased 
from a farmer near Beltsville. They were raised on free range, and received corn 
as grain. During the winter previous to slaughter they had a rye pasture and 
were fed a commercial dairy mash mixed with skim milk. The geese were in 
good flesh when slaughtered, January 15, 1925, the average live weight being 
12.2 pounds. 

Emhden geese. —Three ganders 'were purchased alive on the Washington, D. C., 
wholesale market February 28, 1925. They had probably been raised on near-by 
Virginia or Maryland farms, but no information concerning their feeding history 
was available. The geese '^'ere killed March 2, 1925, the average live weight at 
the time being 9.6 pounds. 

White Holland turkeys. —One male bird, approximately 21 months old, was 
purchased February 2, 1925, from a farm near Beltsville. The turkey had been 
fed a commercial scratch grain, but no mash, and had been allowed free range on 
which there was a fairly good amount of green feed. The live weight of the 
bird at the time of slaughter was 23.4 pounds. 

Mammoth bronze turkeys. —Two male birds, approximately 10 months old, were 
purchased from a dealer in poultry who conducts a small farm near Washington, 
D. C. He purchased the turkeys from farmers in Virginia about November 15, 
1924, and held them on his farm for about three months until they were pur¬ 
chased for this experiment. During this period they were allowed a very 
moderate range, but the amount of green feed was limited at that season of the 
year. The turkeys were fed only corn during this time. No information is 
available concerning the conditions under which the turkeys were raised on the 
farm. The average live weight of the tmkeys when killed February 11, 1925, 
was 15.5 pounds. 

Pearl gray guinea fowls, lot 1. —Eight young female guinea fowls, hatched in 
the spring of 1924, were purchased from a farmer near Hyattsville, Md. The 
young guinea chickens were started on a commercial chick feed and were con¬ 
tinued on it for a few weeks, and then they were allowed free range. After that 
they were fed a small amount of corn and wheat, but received no other feed 
except what they picked up. The amount of green feed on the range during the 
winter months was undoubtedly very limited, but it was probably greater than 
that available for the Plymouth Rock and Rhode Island Reds hens from the 
experiment farm at Beltsville. The average live weight of the guinea hens at 
the time of slaughter, January 23, 1925, was 2.7 pounds. 

Pearl gray guinea fowls, lot 2. —Seven male and two female guinea fowls 
were purchased from a dealer who had bought them from a farmer in Virginia. 
The dealer kept the birds on his farm for about a month after purchase, feeding 
them corn and allowing them free range, but the amount of green feed was lim¬ 
ited at that time. No information was available concerning the feeding of the 
guinea fowls. The average weight of the birds at the time of slaughter, March 
9, 1925, was 3.1 pounds. 

Promptly after slaughter the muscle and fatty tissues were 
trimmed from the carcasses of each lot of fowls. The muscle 
tissue was ground, mixed with water and toluol, and dried to air dry¬ 
ness in a current of air at a temperature not higher than 60® C., the 
1 operation requiring less than 24 hours. The dried material was 
ground, transferred to glass bottles, and stored at a temperature 
; approximating 4® C. until tested for vitamin A. The fatty tissues 
were rendered on a steam bath at a temperature not higher than 75° 
i C., the operation requiring less than one hour. The rendered fat 
Iwas filtered into glass jars, which were placed in cold storage at the 
i ! temperature noted above. The samples of dried poultry flesh were 
;i for protein and fat and each sample of flesh and fat was 

it^tw promptly for vitamin A. 
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METHODS EMPLOYED IN TESTING FOR VITAMIN A ^ 

The relative amounts of vitamin A in the samples of poultry flesh 
and fat were determined by feeding tests with young albino rats, 
the sample under examination constituting the only known source 
of this vitamin in an otherwise adequate ration. The rat^'. were 
raised in the animal laboratory of the Bureau of Animal Industry. 
Litters containing more than 8 rats were reduced to that number on 
the day of birth, and those consisting of fewer than 6 were^ dis¬ 
carded. Only young rats which reached a weight of 40 grams within 
30 days from birth were used for test purposes. The breeding rats 
were fed a ration relatively low in vitamin A. 

Each sample of flesh, or fat, was mixed in one or more proportions 
in rations made up according to the following standard: 


Basal ration 


Protein (NX6.25) 

Ash_ 

Yeast_ 

Fat_ 

Starch to make. -. 


Parts 

20 

4 

10 

20 

100 


The protein consisted of finely ground commercial casein which had 
been heated 72 hours in a current of air at an average temperature 
of 110° to 115° C. to destroy vitamin A. The ash mixture was made 
up according to a formula by Drummond and Watson.^ Dried 
bakers' yeast, hardened cottonseed oil, and cassava starch com- * 
prised the remainder of the ration. Casein w^as the only constituent 
of the basal ration found to require purification from vitamin A. 

Each ration was fed to a group of 4 rats. Each rat was kept in an 
individual cage with a raised-screen bottom. The ration was sup¬ 
plied in a seln-feeder, and a record was kept of the feed^ consumed. 
The rats were weighed biweekly and they were observed frequently ■ 
for signs of ophthalmia. 


FEEDING TESTS WITH BASAL RATIONS 



Each ration containing poultry flesh or fat was fed to a group of 
rats from the start, without a preliminary test on a vitamin-A-free 
basal ration, as is the practice followed by many investigators. The 
procedure which the writers have followed in this work requires that 
proper allowance be made for the growth made by rats fed the basal 
rations alone under the same conditions as those existing in the 
other experiments. 

In Figure 1 are shown the results obtained by feeding the basal 
ration to two groups of rats during this investigation. The rats 
made but limited growth, and all but two developed ophthalmia. 
The growth made by these rats proba bly is (||^ e largely, if not en- 

... dssues, rather than 

Warren L. Briggs, of the 
VITAMINS. Analyst 47: 237. 
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Fig. 1.—Growth of the rats which were fed the basal ration alone. Sex of rats in this and the other 
figures is indicated by the letters m and/; arrows indicate ophthalmia 



Fig. 2.—Growth of the rats fed the dried flesh of Barred Plymouth Roek^ens sutli'ce of 
• vitamin A. The rats represented by the upper graphs were fed a ration containing 10 per cent of 
the flesh; and thos6l.by the lower graphs 20 per cent. Arrows indicate ophthalmia; x indicated 
severe rhinitis 
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VITAMIN A IN POULTRY FLESH 

VITAMIN A IN CHICKEN FLESH 

In Figure 2 are shown the growth curves of two groups of rats 
which were fed rations containing 10 and 20 per cent, respectively, 
dried Barred Plymouth Rock hen flesh. Rather irregular results were 
obtained, but by calculating the average gain in weight made by each 
group of rats it will be found that considerably better growth was 
made by those getting 20 per cent of the dried flesh. However, this 
proportion of the Plymouth Rock flesh did not furnish sufficient 
vitamin A for optimal growth. 

In Figure 3 are shown the growth curves of two groups of rats which 
were fed rations containing 10 and 20 per cent, respectively, of dried 



Fig. 3.-—Growth of rats fed the dried flesh of Ehode Island Red hens as the source of vitamin A. 
Rats numbered 640 were fed a ration containing 10 per cent of the dried flesh. Those numbered 
641 received a ration containing 20 per cent. Arrows indicate ophthalmia 

Rhode Island Red hen flesh. The first group of rats (numbered 640) 
made very poor growth, and all developed ophthalmia.^ Although the 
second group of rats made somewhat better growth, it is apparent that 
20 per cent of this lot of chicken flesh did not furnish nearly sufficient 
vitamin A for optimal growth. 

On comparing Figures 2 and 3 it appears that the Barred Plymouth 
Rock hen flesh was appreciably richer in vitamin A than the Rhode 
Island Red hen flesh. Since both lots of birds were fed the same 
ration and handled in the same maimer, it appears that the one lot 
of hens simply stored more vitamin A than did the other. 

VITAMIN A IN DUCK FLESH 

In Figure 4 are shown the results of feeding tests with the dried 
flesh from Muscovy and Pekin ducks, respectively. The first group 
of rats (numbered 657) was fed a ration containing 25 per cent of 
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Muscovy duck flesli, and the other ^oup (numbered 660) received 
a ration containing 30 per cent of Pekin duck flesh. There is a 
remarkable difference in the amounts of vitamin A in these samples. 
All the rats getting the Muscovy duck flesh made excellent growth; 
in fact, rat No. 657A made extraordinary growth. On the other 
hand, the rats getting the Pekin duck flesh made very poor growth; three 
of them developed ophthalmia, and one died. It is to be noted, also, 



Fig. 4.—Growth of rats fed Muscovy and Pekin duck flesh as the source of vitamin A. Rats 
numbered 657 were fed a ration containing 25 per cent of dried Muscovy duck flesh. Those 
numbered 660 were fed a ration containing 30 per cent of dried flesh from Pekin ducks. Arrows 
indicate ophthalmia; crosses indicate death 


that there was 30 per cent of Pekin duck flesh in this ration as com¬ 
pared with 25 per cent of Muscovy duck flesh in the other ration. 

The Muscovy ducks had received an abundance of green feed in 
addition to mash and grain, but the Pekin ducks had only a limited 
amount of green feed for a month before slaughter, and information 
on the history of their feeding is lacking. 

VITAMIN A IN GOOSE FLESH 

In Figure 5 are shown the results of feeding tests with the dried 
^ flesh from Toulouse and Embden geese, respectively. Rats numbered 
















































July 1,1926 


Vitamin A in Poultry Flesh and Fat 


35 



Fig. 5.— Growth of rats fed Toulouse and Embden goose flesh as the source of vitamin A. Rats 
numbered 634 and 635 were fed rations containing, respectively, 10 and 20 per cent of dried 
Toulouse flesh. Rats numbered 659 were fed a ration containing 30 per cent of Embden flesh. 
Arrows indicate ophthalmia 



Fig. 6.—Gro^h of rats fed White Holland and IMammoth Bronze turkey flesh as the source of 
vitamin A. Rats numbered 648 were fed a ration containing 20 per cent of dried White 
Holland flesh. Those numbered 653 received a ration containing the same percentage of Mam¬ 
moth Bronze flesh. Arrows indicate ophthalmia 
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634 and 635 were fed rations containing 10 and 20 per cent, respec¬ 
tively, of Toulouse goose flesh; and rats numbered 659 received 
a ration containing 30 per cent of Embden goose flesh. These graphs 
indicate that both lots of flesh were very poor in vitamin A, although 
that from the Toulouse geese appeared to contain slightly more than 



Fig, 7.-—Growth of rats fed the dried flesh of guinea fowls as the source of vitamin A. Eats 
numbered 642 and 643 were fed rations containing, respectively, 10 and 20 per cent of flesh from 
the fowls purchased from a farmer near BeltsviUe, Md. Eats numbered 663 were fed a ration 
containing 30 per cent of flesh from fowls purchased from a dealer. Arrows indicate ophthalmia 

than from the Embden geese. The Toulouse geese had been grown on 
free range with plenty of green feed, but the Embden geese were 
purchased from a dealer and no information concerning their feeding 
history was available. 

VITAMIN A IN TUEKEY FLESH 

The results of the feeding tests with two samples of Turkey flesh 
shown in Figure 6. Eats numbered 648 were fed a ration con- 
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taining 20 per cent of flesh from the White Holland turkey, and rats 
numbered 653 received an equal proportion of flesh from the Mam¬ 
moth Bronze turkey. Apparently the latter sample of flesh contained 
slightly more vitamin A, but both samples were very poor in it. 

VITAMIN A IN FLESH FROM GUINEA FOWLS 

In Figme 7 are shown the results of feeding tests with the dried 
flesh from two lots of guinea fowls. Rats numbered 642 and 643 were 
fed rations containing 10 and 20 per cent, respectively, of the flesh 



Fig. 8.~Growth of rats which received fat from Barred Plymouth Rock hens. The two groups 
of rats numbered 625 and 626 were fed rations containing, respectively, 5 and 10 per cent of the 
chicken fat 

from the guinea fowls purchased from a farmer near Beltsville, and 
rats numbered 663 were fed a ration containing 30 per cent of the 
flesh from the other lot of guinea fowls which were purchased from 
a dealer. It is apparent from the growth curves of the rats that the 
first lot of guinea-fowl flesh was very poor in vitamin A. On the 
other hand Si of the rats that were fed the second sample of flesh made 
remarkably good growth, and it is probable that a considerably 
smaller percentage of the flesh would have induced optimal growth. 
Although the greatest percentage that was fed of the first lot of guinea 
flesh was 20 per cent, whereas the second lot of flesh was fed to the 
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extent of 30 per cent of the ration, the difference in the growth made 
by the rats fed the two rations is so pronounced that it seems safe to 
conclude that the second sample of flesh was considerably richer in 
vitamin A than the first sample. 

The guinea fowls purchased from a farmer near Beltsville had free 
range and plenty 01 green feed, but no information was available 
concerning the feeding of the other lot during the growing period. 
Apparently, however,*the second lot of guinea fowls must have been 
fed a ration richer in vitamin A or had a much better range than the 
first lot, as indicated by the wide difference in the amounts of vitamin 
A in the two samples of flesh. 



I 


Pig. 9.— Growth of rats which received fat from Rhode Island Red hens as the source of vitamin A. 
Rats numbered 638 and 639 •were fed rations containing, respectively, 5 and 10 per cent of the 
chicken fat 

VITAMIN A IN POULTRY FAT 

VITAMIN A IN CHICKEN FAT 

The results of feeding test with rations containing fat from the 
Barred Plymouth Rock hens are shown in Figure 8. Although rats 
numbered 625 received only 5 per cent of the chicken fat, and rats 
numbered 626 received 10 per cent, yet the two groups made practi¬ 
cally the same average gain in weight. Growth was considerably 
below normal. 

In Figure 9 are shown the growth curves of two groups of rats fed 
rations containing 5 and 10 per cent, respectively, of fat from Rhode 
Island Red hens. Strangely, the rats receiving the larger proportion 
of chicken fat made the poorer growth. Comparing Figures 8 and 9, 
it seems that the fat from the ftymouth Rock hens was appreciably 
richer in vitamin A than that from the Rhode Island Red hens. A 
^milar relation was previously noted concerning the amounts of 
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Fig. 10.—Growth of rats which received fat from Toulouse greese as the source of vitamin A. 
Rats numbered 632 and 633 were fed rations containing, respectively, 5 and 10 per cent of this fat 



Fig. 11.—Growth of rats which received fat from White Holland turkeys. These rats were fed 
a ration containing 10 per cent of this fat 
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vitamin A in the flesh from the same two lots of hens. It is interest¬ 
ing to note that each lot of chicken fat was considerably richer in 
vit^amin A than the corresponding lot of flesh (see figs. 2 and 3). 

VITAMIN A IN GOOSE FAT 

In Figure 10 are shown the results of feeding tests with rations 
containing 5 and 10 per cent, respectively, of fat from the Toulouse 
geese. Both groups of rats made fairly good, though not ^uite 
normal, growth, the rats getting 10 per cent of goose fat making a 
slightly greater average gain in weight. It appears that this sample 
of goose fat contained approximately the same amount of vitamin A 
as the fat from the Plymouth Eock hens (fig. 8). It seems, also, 
that the fat from the Toulouse geese was much richer in vitamin A 
than the flesh from the same birds (compare figs. 5 and 10). 

VITAMIN A IN TURKEY FAT 

In Figure 11 are shown the growth curves of rats fed a ration con¬ 
taining 10 per cent of fat from the White Holland turkey. Growth 
was considerably below normal. Comparing figures 11 and 6, it will 
be noted that the flesh from this turkey apparently contained much 
less vitamin A than did the fat from the same bird. This sample of 
turkey fat appeared to contain appreciably less vitamin A than the 
sample of goose fat (fig. 10). 

SUMMARY OF RESULTS 

^ In this paper are reported the results of a study of the concentra¬ 
tion of vitamin A in the dried flesh from two lots each of chickens, 
ducks, geese, turkeys, and guinea fowls, and in the fat from two lots 
of chickens and one lot each of turkeys and geese. 

The flesh from one lot each of ducks and of guinea fowls was found 
to be relatively rich in vitamin A; one sample of chicken flesh con¬ 
tained a fair amount of this vitamin; but the other samples of guinea 
fowl, duck and chicken flesh, and both samples of goose and turke}^ 
flesh, were relatively poor in vitamin A. 

One sample of chicken fat and the sample of goose fat each con¬ 
tained a fair amount of vitamin A, but the sample of turkey fat was 
rather poor in this vitamin. 

In each instance it was found that the sample of poultry fat was 
considerably richer in vitamin A than the corresponding sample of 
flesh. 

On account of the limited number of samples of each kind of poultry 
flesh and fat which were tested for vitamin A, no general conclusions 
concerning the value of any one of these products as a source of this 
vitamin are justified. Additional information concerning the vitamin 
A content of poultry flesh and fat is to be desired. 



BUD VARIATION AND CHIMERAS IN MATTHIOLA INCANA 

R. BR.^ 

By Howaed B. Feost 

Assistant Plant Breeder^ Agricultural Experiment Station^ University of California 

INTRODUCTION 

A mutant form of MattMola described under the name Slender (4)^ 
has been determined by Miss Mann (6) to be trisomic. Slender 
plants have 15 somatic chromosomes, while normals have 14. Ge¬ 
netic evidence (6) indicates that the extra chromosome of Slender is 
derived from the pair which carries the genes for single (normal) 
and double (petalomanous, sterile) flowers. 

A case of bud variation has been described by the present 
writer (5),® in which part of a plant was Slender single and the rest 
was normal double. This variation has been ascribed (6) to loss of 
one chromosome in early somatic development, changing a Slender 
single with one gene for singleness (Ddd) into a normal double (dd),'^ 
The abnormal intermediate nature of the doubleness was ascribed 
to the formation of a periclinal single-double chimera as a result of 
the chromosomal change. 

OBSERVATIONAL DATA 

^ The present paper reports three cases of somatic variation and two 
of intermediate (rouble flowers, all evidently to be explained in the 
same way as the bud variaticjn previously described. Pour of these 
variant plants occurred within a white, glabrous variety originally 
obtaineci under the name Snowflake (^), and the other plant came 
from a cross with a pure single race. Snowflake is a '^double-throw¬ 
ing^^ variety, such as Miss Saunders (7) has shown to be permanently 
heterozygous, the pollen of the singles transmitting only doubleness 
while their eggs transmit singleness also. The average proportion of 
the sterile doubles from normal Snowflake parents has been about 53 
per cent. To explain the usual excess of dfoubles over 50 per cent in 
such cases, Miss Saunders (7, 8) has postulated two complementary 
dominant genes for singleness, both heterozygous in double-throwers. 
To explain the absence of singleness from the functional pollen, 4)he 
writer assumes the presence of a pollen lethal {3), Snow (9) states 
that Haldane has devised for the inheritance of doubleness a gamete- 
lethal scheme which fits the data remarkably well. Whatever is the 
best complete explanation for the single-double ratio, however, the 

1 Eeeeived for publication Nov. 19,1925; issued July, 1926. Paper No. 138, University of California, 
Graduate School of Tropical Agriculture and Citrus Experiment Station, Riverside, Calif. 

4 made by number (italic) to Literature cited,’^ p. 46. 

» When the account cited was written, it seemed probable that the Slender type depended on a mutant 
gene rather than on an extra chromosome. This view was based especially on the fact that two very dis¬ 
similar mutant forms, Slender and Crenate, both give apparent linkage ratios for doubleness. Both these 
fori^, however, are trisomic; the somatic differences between them are doubtless related to a difference 
m the average length of the odd chromosome (d). Evidently the odd chromosome of Slender, at least, is a 
fragrnent. 

^ Since doubleness obviously is a mutant character, the symbols D and d are used in place of S and s 
of an earlier paper (5). To indicate the pollen lethal about to be mentioned, D' might be substituted 
for D m the case of the double-throwers. 
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simple formulae given above seem adequate for the present purpose. 
Slender is known to carry an extra chromosome, hence a somatic 
variation which changes Slender to normal evidently involves the loss 
of that extra chromosome. If singleness changes to doubleness at 
the same time, plainly the lost chromosome carried some gene (D) 
essential to singleness. 

The most significant new evidence is given by another change from 
Slender single to normal double, discovered in February, 1924, 
among progeny of a selfed Slender parent. In this case there is no 
room for doubt as to which was the original type of the plant, since 
the double flowers and normal leaves were confined to one main 
branch. The double flowers, as in the earlier case, suggested a 
chimeral condition; usually there were four large petals, within 


^ ^ 




Fig. 1.—Flowers and leaves from the first plant described in this paper. At the right below, two 
rosettes with narrow leaves, from the Slender part of the plant; above each rosette, the corre¬ 
sponding raceme, with ordinary single fiowers. At the left above, two intermediate or partially 
> double flowers from the variant branch. Second from the left below, a fully double flower from a 

,i shoot borne by the variant branch. At the extreme left below, a shoot from the variant branch, 

with buds apparently fully double and with leaves broader and thicker than those of the Slender 
shoots 

i| these there were^ smaller curled petals which sometimes bore traces 
1 of anthers, and in some flowers there was an abnormal pistil. One 
i shoot, however, seemed to have ordinary double flowers. 
j| In February, 1925, this plant was again in bloom, but it died before 
[ all the new shoots on the variant branch had produced well-developed 
I flowers. All but one main branch was Slender single as before (fig. 
I 1). On the variant branch, one shoot, with several racemes, bore 
I ordinary double flowers, one of which is shown in Figure 1. Another 
I shoot had buds which were probably also fully double. Most (ap¬ 
parently all) of the other five shoots produced abnormal intermediate 
flowers like those of the preceding season. 

I In this case and that previously reported, it would be expected 
I that the intermediate flowers would be accompanied by leaves inter¬ 
mediate between Slender and normal, rather than by strictly normal 
I leaves. On account of the great nongenetic variability of the leaves 
j in general, it was not possible to determine this point. There was, 
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however, a marked change from the slender shoots, and narrow 
leaves of the Slender form, in the direction of the normal type. 

Another plant, from a Slender parent, had one vigorous variant 
branch with normal leaves and ordinary double flowers. The rest 
of the plant was very small, not as large altogether as the one variant 
branch; it bore extremely small leaves and single flowers. The 
single-flowered part in this case may have been Slender, dwarfed 
by the early development of a branch of the more vigorous normal 
type, or it may have been a weaker secondary” trisomic type 
carrying an extra cliromosome different from that of Slender. 

In the latter case, presumably, a trisomic single plant produced a 
normal double by elimination of a chromosome which carried a 
gene necessary for single flowers. In the former case reported here 
the process doubtless was the same, except for extensive develop¬ 
ment of a chimeral condition. If the change in the former case 
had been due to the production, by gene mutation, of a new type 
intermediate betvreen ordinary singles and ordinary doubles, the 
later occurrence of a second mutation changing the new type to 
ordinary double would have been a remarkable coincidence—^unless 
the intermediate gene was exceptionally unstable. Further, if any 
of the three bud variations mentioned above arose by gene mutation, 
the simultaneous disapp'earance of the trisomic characters would be 
extremely improbable. Therefore, without having chromosome 
counts from these plants, one may be very confident that the cyto- 
logical change consisted in the loss of a chromosome carrying a gene 
necessary for single flowers. 

Another little plant of Slender parentage, itself apparently Small 
leaved (formerly Small, smooth leaved) (4), bore flowers that were 
all intermediate between singles and normal doubles. It presumably 
was a chimera, but the fertilized egg which: produced it may have 
carried two extra chromosomes, one of which was later lost. 

Still another plant with intermediate flowers throughout came from 
pollination of pure single by Slender double-thrower. Considered in 
connection with the first case described in this paper, it is highly 
probable that this plant was a single-double chimera. Since, how¬ 
ever, the leaves appeared strictly normal, while the flowers were far 
from being fully double, it is possible that the double component of 
the chimera was produced by gene mutation, or at least in some other 
way than by nondisjunction of a whole chromosome. If this plant 
was originally a normal heterozygous single (dD) with 14 chromo¬ 
somes, and the variant tissue was double (dO) with 13 chromosomes, 
the loss of a chromosome had surprisingly little effect on leaf form 
and vigor of growth. A Datura form { 1 ) lacking one chromosome in 
its hypodermal layer differed only slightly from the normal diploid 
type, but another form, more abnormal, also lacked the same chromo¬ 
some, and this difference, it is suggested, may have been due to a 
chimeral condition in the former case. 

The flowers of this MattHola form were highly variable, but, 
typically, they had two successive sets of floral parts from sepals to 
stamens (fig. 2), The stamens of the first set were more or less 
petaloid. Sometimes there was a recognizable pistil at the center 
of the flower, but often, at least, the axis was further proliferated. 
During several months of vigorous flowering, no ordinary flowei^, 
either double or single, were observed. 
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The third new case of obvious somatic variation (if the two plants 
just described are to be classed as doubtful) occurred in a plant which 
as a young seedling seemed to belong to the Smooth-leaved trisomic 
type; this plant came from the parentage Smooth X normal. Smooth 
is a trisomic form which (fig. 3) is usually smaller and later in flowering 
than the normal type of the same general genetic constitution. When 
in bloom this plant appeared normal in vigor, leaf form, and earliness. 
It was discovered, however, that the plant consisted mainly of one 
large branch of normal type, while the remainder was unquestion¬ 
ably Smooth. Smooth does not give trisomic ratios for doubleness, 
and both parts of the variant plant had double flowers. Here again is 
a somatic variation clearly dependent on elimination of a chromosome. 



Fig. 2.—On the left, two racemes from an Fi plant resulting from pollination of a pure single by a 
Sender (trisomic) double-thrower, showing normal single flowers and capsules.^ On the right 
^ ^ mentioned, showing abnormal double flowers, the lower 

ones proliferating, as in ordinary doubles, to form branch racemes 


DISCUSSION 


As the. bud-variation type in all these cases had sterile flowers, 
no genetic test was possible, and counting of somatic chromosomes 
has not been attempted. In Datura (I), however, where trisomic 
and tetraploid types have been identified as bud variations on normal 
plants, genetic tests have given positive results, and in another bud- 
vanatiqn form of Datura the loss of one chromosome has been 
cytologically demonstrated. 

^ The fact that most of the variations mentioned in this paper 
involve flower form may he due to the definite and conspicuous 
nature of these flower characters. .Changes similar to that in the 
last case wnuld be much more likely to be overlooked entirely, or to 
be recorded as doubtful. 

It is probable that changes froin trisomic to normal in Matthiola 
are much more likely to hecome visible than are changes in the 
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reverse direction, even if the two classes of change occur with equal 
frequency. When trisomic and normal cells are present in the same 
plant, the greater vigor of the normal type w^ould doubtless favor its 
predominance in early stages, as it so strikingly did in later stages in 
some of the plants described here. In fact, most of the variations 
described here may have been due to simple somatic nondisjunction 
of an odd chromosome, producing daugnter cells with respective 
complements of 14 and 16 chromosomes. For, while the vigor of 
the normal 14-chromosome cell would favor its multiplication, the 
decided weakness of the tetrasomic type might be expected to lead 
to its elimination. 

These cases add a little to the evidence in favor of Emerson’s (2) 
conclusion that recognizable bud variations seem, in general, to be 



Fig. 3,—Fi progeny from a cross between a trisomic form (large-leaved) and a normal pure single. 

At the left, a Smooth-leaved trisomic mutant, smaller and later than the normal in the middle. 

At the right, a large-leaved trisomic, also late 

more often due to unequal mitosis than to gene mutation. In view 
bf the probability of severe selective ehmination of forms with 
abnormal numbers of chromosomes, it is likely that bud-variation 
^types actually originate far more often in the former way. Gene 
mutation is, of course, much handicapped in the production of 
visibly variant types, by the ineffectiveness of recessive mutation 
in material homozygous for the gene affected. It is possible, how¬ 
ever, that somatic elimination of chromosomes is more frequent in 
trisomic plants than in normals. 

Three of the Matthiola bud* variations give a little evidence for 
the chromosome theory of heredity, evidence distinct from that 
given by the discovery of the association between extra chromosomes 
and mutant somatic characters. The simultaneous disappearance 
of singleness and trisomic characters suggests that singleness de¬ 
pended on the chromosome which was lost, and this conclusion is 
strongly reenforced by the fact that Slender parents give single¬ 
double progeny ratios" indicating the presence of three allelomorphs 
(Ddd) for these characters. 
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Evidence on the nature of bud variation in annual plants is val¬ 
uable not only as a contribution to general genetic theory, but also 
for the suggestions it may give as to the probable mode of origin of 
bud variations in clonal varieties, such as those of Citrus fruits. 

SUMMARY 

In four cases—three of them described for the first time in this 
paper—a trisomic, or (in one case) evidently trisomic, type of Mat- 
thiola has undergone somatic change to or toward the normal diploid 
type. In three of these plants the loss of trisomic characters was 
accompanied by change from single to double flowers. In two 
plants a periclinal single-double cMmera evidently was formed, as 
was indicated by the intermediate condition of the double flowers 
and by a further change in one plant to fully double flowers. 

Loss of a chromosome evidently was responsible for these bud 
variations, and probably also for the production of intermediate 
flowers in two other plants. 
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THE PEA APHID AS AN ALFALFA PEST IN KANSAS' 

By Roger C. Smith, AsBociate Professor of Entomology and Edgar W. Davis, 
Graduate Student, Kansas State Agricultural College 

INTRODUCTION 

During the last decade the pea aphid, Illinoia pisi (Kalt), has 
become a major insect pest of alfalfa in Kansas. The first known 
outbreak occurred during the spring of 1921, and was rather general 
over Kansas and neighboring States. This aphid has long been 
known as an enemy of peas and less commonly of red and crimson 
clovers. Apparently it is extending its range of food plants, and 
bids fair to continue to be one of our most destructive alfalfa insects. 
This paper is based on observations of three outbreaks of this aphid, 
over a period of five years. 

Some of the most important writings on the pea aphid are those of 
Sanderson (6)^, Chittenden (f), Folsom (4, p. 138-154), Davis (2), 
and Smith (7). Published work has dealt with this insect almost 
exclusively as a pest of peas and clovers. This account is based 
entirely on rearings and field observations on alfalfa. 

OUTBREAKS AND DISTRIBUTION IN KANSAS 

The first outbreak in the spring of 1921 followed a mild, dry winter 
and an early advent of spring (figs.* 1 and 2). The temperature at 
Manhattan was somewhat above normal, while the rainfall was 
below normal. In the fall of 1920, pea aphids were very abundant 
in some fields at Manhattan until the alfalfa was killed by frosts 
early in November. The spring of 1921 set in unusually early. 
There was a period of typical spring weather in February, and the 
aphids, already in the alfalfa, multiplied rapidly. New growth of 
alfalfa appeared rather slowly, as rain was badly needed. By early 
March the alfalfa over much of the State was heavily infested. 
Many fields made very little growth. On March 27 there was a 
very severe freeze, the temperature dropping to 18° F. The new 
growth of alfalfa was frozen, but the aphids were not perceptibly 
affected by the freeze. They clustered on the new growth and living 
parts of tne plants in such numbers that it was impossible for the 
alfalfa to grow. As a result of the infestation and the late freeze, 
about 100,000 acres of alfalfa in Kansas were killed.^ 


1 Received for publication Nov. 39, 1925, issued July, 1926. Contribution No. 347 from the Entomolog¬ 
ical Laboratory, Kansas State Agricultural College. This paper embodies some of the results obtained in 
the prosecution of project No. 115 of the Agricultural Experiment Station. 

* Reference is made by number (italic) to “Literature cited,’* p. 57. 

3 Secretary Mohler of the Kansas State-Board of Agriculture (5), estimated the loss for that year as follows: 
“The belated first cutting of alfalfa is estimated at 650,000 tons, or slightly less than six-tenths of a ton to 
the acre. The first cutting last year amounted to 1,271,000 tons, or 1.01 tons to the acre. The damage to 
alfalfa by spring freezes and attacks of the pea aphis is clearly shown, not only in this exceptionally low 
yield, but in the impaired vitality of the plant as indicated by its slow recovery through the late maturity 
of the first cutting. Added to this is the fact revealed by the assessors’ returns as of March 1, that the 
alfalfa acreage has decreased by 128,000 acres, and a further, though as yet undetermined, loss has been 
sustained since as a result of unseasonable freezing and depredations of insects.” 
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The aphids disappeared rather suddenly. On April 11, 1921, the 
alfalfa was still heavily infested, but on April 22 only a few aphids 
could be found. An increasingly large number became alate and flew 
to other fields, permitting the alialfa to get a start. The aphids were 
present in very small numbers in local &lds during the remainder of 
the year. They v^ere locally plentiful, especially on voung alfalfa, 
during the fall of 1921 and the spring of 1922 in several places in the 
Kaw Valley, though very scarce at Manhattan. The damage, except 
in a few small areas, was not seriouSj however, for heavy spring rains 
brought on a luxuriant growth and at the same time checked the 
aphias. The aphids were present in local fields, however, until the 
middle of June and then disappeared. During November they were 



Ju/y Acy. Sef^. Oct Mm Dec. J&n. Feh. March Apd! Ma^ June 


Fig. 1.—Average monthly temperatures for the 25 years, 189S-1922, inclusive, and for the 12-month 

E eriod from July, 1920, to June, 1921, inclusive, at the Kansas State Agricultural College, Man- 
attan, Kans. 

searched for at Manhattan with especial diligence, but only two were 
found. 

In the spring of 1923, local outbreaks again occurred in the Kaw 
Valley from Wamego to Kansas City. There were also small, scat¬ 
tered infestations e&ewhere in the State. Often only small areas in 
fields showed injury, but occasionally an entire field was completely 
killed. Small numbers were observed in fields near Manhattan dur¬ 
ing the fall of 1923, but they were more abundant in fields between 
Manhattan and Topeka. 

A small and restricted outbreak occurred at Manhattan during April 
and May, 1924. The insects weryjresent at the same time in small 
numbers over the larger part of Elansas. Some injury occurred to 
fields at Lincoln, Kans., and at different points in the Kaw Valley. 
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A few aphids were observed in alfaHa fields every week of the summer. 
Small areas were found at Manhattan during the fall of 1924 where 
they were fairly plentiful, though not doing injury. 

SEASONAL HISTORY 

The pea aphid is present during the entire year in alfalfa fields. On 
alfalfa at Manhattan it overwinters chiefly as an apterous viviparous 
female, and sometimes in the egg stage also. The adults survive best 
in winter in low areas and more protected parts of fields. Areas 
protected by hills, buildings, or trees seem to be especially favorable. 
Heavy growths of alfalfa left to freeze in the fall also seem to be 
protective. 

Though careful searches were made for eggs, none was discovered 
at Manhattan until the autumn of 1924, when they were found in 
considerable numbers on the upper and lower surfaces of leaves and 
on stems of alfalfa plants. 


§ 

I 

I 

5 

I 



Ju/y Auji. i5*eph Oct. /Vok Dec. Dan Fet> March Apr// /Way Oane 


Fig. 2.—Average monthly precipitation for the 65 years, 1858-1922, inclusive, and for the 12- 
month period from J uly, 1920, to June, 1921, inclusive, at the Kansas State Agricultural College, 
Manhattan, Kans. 


HOST PLANTS AND INJURY TO THEM 


Alfalfa and sweet clovers (Medicago) and white and crimson clover 
(Trifolium) have been recorded as host plants for pea aphids. The 
aphids also have been taken repeatedly on vetch at Manhattan. 
After a spring outbreak they become numerous on both common gar¬ 
den peas and sweet peas. Winged forms have been taken on many 
other plants, but they were not observed to reproduce upon them. 

The injury to alfalfa is distinctive, and a heavily infested spot may 
be discerned at a considerable distance. The plants are short and 
bunchy, the tops light green in color, and the lower leaves yellow or 
dead, the general appearance from a distance being brownish. The 
bare ground shows up from lack of covering, and it is usually heavily 
besprinkled with the whitish aphid skins or molts. The aphids 
which cluster on both the stems and under side of the leaves show a 
preference for the younger growth. If the infestation continues, the 
leaves wither and the plants eventually die. The aphids leave, how- 
103394-26—4 
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ever, before the plants are dead. These aphids have been observed 
feeding or attempting to feed on wild mustard, shepherd's purse, and 
other weeds, when driven to it by the death of alfalfa. The alfalfa 
acreage in Kansas has decreased from 1,360,000 acres in 1915 to 
884,000 acres in 1924, and the pea aphid has been an important factor 
in this decrease. 


WINGED AND WINGLESS FORMS 

The percentage of winged forms gradually increases as spring 
advances. Observations indicate that as they become crowded on 
the alfalfa plants, or that as the plants begin to weaken an increas¬ 
ingly large number of progeny is winged, thus enabling them to 
scatter. However, this condition may be partly cyclical, also. 



3.—Percentage of aphids that were winged among those that were examined in various 

months of 1924 


Field collections of pea apluds were made every week during the 
summer of 1924, beginning April 8. The number taken varied 
because of scarcity in the fields, but whenever possible, 300 was the 
number counted. Only winged adults or apterous adults in which 
the eye spots of their young could be seen m their abdomens were 
counted. The results of these counts for one year are indicated m 
Figure 3. This ^raph shows that in the early spring this aphid was 
predominately wingless. Some time between April 8 and 24 the 
winged forms equaled and on April 24 exceeded the wingless forms. 
On May 5 the winged forms reached their maximum and then de¬ 
creased. Only wingless forms were found during the summer. In 
the fall the winged forms increased in an irregular manner until* 
in November they again predominated. There were not sufficient 
aphids during the spring and summer of 1925 to repeat these counts. 





July 1,1926 


The Pea Aphid as an Alfalfa Pest in Kansas 


51 


CLIMATIC INFLUENCES 

The numbers and activity of the pea aphid in the field are controlled 
very largely by climatic conditions. The outbreaks thus far observed 
indicate that this insect thrives best when the winter is mild and 
relatively diy. Early rapid growth of alfalfa, especially in March 
and April, greatly reduces or elimmates the possibility of serious 
damage by this insect. The three outbreaks followed a warmer and 
drier February than is the average, and March had a somewhat 
reduced precipitation and was warmer than the average. The aphids 
reproduce slowly at a lower temperature than that in which lady¬ 
bird beetles become active. Temperatures of 90° to 100° F. are 
clearly unfavorable, especially when accompanied by low humidity. 
A temperature of 100° or higher was usually quickly fatal in the 
temperature-control cages. This agrees in the main with the con¬ 
clusions of Smith (7), though the temperature and humidity optimum 
of Virginia is apparently some-what higher than in Kansas. 

The well-known fungous disease which develops under humid 
conditions and which has been reported frequently as being the most 
important natural control of this aphid, has been less important 
during these outbreaks than predacious insects, especially coccinellids. 


REARINGS IN INSECTARY AND FIELD 

Studies on the general biology of the pea aphid were begun in 
October, 1923, and continued, as material and temperature permit¬ 
ted, until the fall of 1924. The usual lamp-chimney cage over young 
growing alfalfa plants was used. One series (Y) was reared under 
temperature-controlled condition and another series (Z) was reared 
under ordinary greenhouse conditions. The rearings were transferred 
to a small fielS laboratory in April, 1924, where the work was carried 
on during the summer. These results are indicated here as the F 
series. 

Each of the series was started by bringing in from the field a mature 
female and placing her on alfalfa. Her progeny was transferred to 
other alfalfa plants as produced, and were numbered Y2 or Z2, etc. 
A summary of the rearings under the uncon trolled-temperature or 
ordinary greenhouse conditions is given in Table 1. 

In the fall of 1924, rearings were conducted in the greenhouse in 
the same manner as those shown in Table 1, as a check on the work 
of 1923. The numbers of young and length of reproductive period 
of the apliids in this series were slightly greater than for those recorded 
in Table 1. This may have been due to two conditions: (1) In 1923 
the weather was too severe for the aphids to reproduce in the field 
during the time the experiment was being carried on in the green¬ 
house, while in 1924 the aphids were reproducing in the field the 
entire time the experiment was being carried on in the greenhouse, 
and (2) the technique had been improved, so that it may have been 
that better care was given to those of the 1924 series. 

The averages for the 116 individuals studied in both series in the 
two years are as follows: The average age of female when first 
young was born, 9.7 days; the youngest age, 6 days. The average 
length of reproductive period was 12.8 days; the longest, 31 days. 
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The average number of young produced was 39.3; the largest number, 
93. The average length of life was 25.1 days; the longest life, 
43 days. 

Table 1 . —Studies of life histories of pea aphids under greenhouse conditions^ 

1923-U 


Series Z 

Age of 
female 
when 
first 
young 
was 
pro¬ 
duced 
(days) 

Days 

of 

repro¬ 

duc¬ 

tive 

period 

Num¬ 
ber of 
young 

Larg¬ 
est 
num¬ 
ber of 
young 
per 
day 

Date of 
death 

Length 
of life 

Temperature 

Hu¬ 

mid¬ 

ity, 

aver¬ 

age 

Generation 

Date of 
birth 

Maxi¬ 

mum 

Mini¬ 

mum 

Aver¬ 

age 

hourly 

1«. 









°F. 



2. 

Nov. 9 

7 

6 

23 

5 

Nov. 22 

13 

97 

65 

77 

75 

3.. 

Nov. 16 

13 

4 

15 

5 

Dec. 3 

17 

100 

63 

77 

73 

4. 

Nov. 22 

8 

2 

12 

11 

Dec. 2 

10 

100 

63 

77 

73 

5. 

Dee. 1 

7 

5 

14 

5 

Dec. 13 

12 

97 

65 

761 

78 

6. 

Dec. 9 

11 

8 

20 

4 

Dec. 28 

19 

100 

70 

79 

77 

7. 

Dee. 20 

8 

6 

20 

4 

Jan. 3 

14 

96 

70 

78\ 

80 

8. 

Dec. 27 

8 

6 

18 

9 

Jan, 11 

15 

95 

60 

76 

80 

9. 

Jan. 4 

10 

5 

19 

S 

Jan. 19 

15 

97 

60 

77 

79 

10.. 

Jan. 13 

8 

3 

11 

6 

Jan. 24 i 

11 

97 

65 

79 

79 

11. 

Jan. 21 

11 

18 

47 

8 

1 

Feb. 20 j 

30 

97 

60 

79 

80 

12. 

Feb. 1 

7 

12 

53 

11 1 

Feb. 20 

19 

95 

61 

79 

78 

13. 

Feb. 9 

7 

31 

58 

6 i 

Mar. 25 

45 

97 

61 

78 

80 

14. 

Feb. 17 

8 

16 

84 

14 1 

...do.... 

37 

97 

61 

78 

80 

15. 

Feb. 25 

8 

20 

69 

13 i 

Mar. 31 

35 

98 

61 

77 

76 

16. 

Mar. 5 

6 

13 

78 

14 ' 

Apr. 7 

33 

98 

60 

76 

75 

17. 

Mar. 11 

9 

18 

77 

14 1 

Apr. 8 

28 

100 

62 

76 

77 

18. 

Mar. 20 

7 

16 

93 

14 

Apr. 12 1 

23 

100 

60 

76 

80 

19. 

Mar. 27 

9 

8 

44 

7 i 

Apr. 14 1 

18 

100 

60 

77 

81 

20. 

Apr. 5 

7 

5 

24 

11 

Apr. 18 

13 

100 

60 

79 

80 

2U. 

Apr, 12 


0) 





















159 

202 

779 



407 





Average of 19 

individ- 











TlftlS_ 


8.3 

10. 6 

41 



21.4 

















« Caught wild, record incomplete. *• Died. 


Folsom p. 138-154), recording the work of Webster, gives 
t'he following averages for 16 life histories reared in a line on peas 
from March to September: The average number of days to maturity, 
or the beginning of reproduction, was 11; length of life, 25.4 days; 
average number of young, 46. Davis (3) obtained the following 
averages: Age at which females reproduce varied from 6 to 35 
days, with an average of 10.3 days, from 38 records covering the 
months from May 15 to December. Average of all rearings over 
two years was 12.1+ days; length of reproductive period varied 
from 2 to 68 days, or an average for 53 examples over two years of 
22 days; total length of life, 10 to 85 days, or an average of 39.1 + 
days over two years; average total number of young produced was 
68.3, with one instance of 124 as a maximum. 

The results of the three series of rearings reported in this paper 
dififer from the above results chiefly in that the Kansas aphids began 
to reproduce after a slightly shorter post-natal period and their 
reproductive period and their average length of life were both some¬ 
what shorter also. 

The experiments the results of which are recorded in Table 2 
were ^ earned on in one of the temperature-controlled chambers 
d^ribed^by Dean and Nabours (5). The temperature shows a 
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rather wide range from maximum to minimum^ but these extremes 
were in the form of peaks and remained at these points only a few 
minutes. The averages of the different phases of the life cycle 
recorded here show a decided increase over those recorded in the 
preceding table. The number of days of the reproductive period in 
the constant-temperature cages was 16.4 days, compared to 10.6 
days in the greenhouse. The average number of young in this 
experiment was 54.3 in contrast with the 41.0 in Table 1. The 
length of life was also longer in the controlled temperature. The 
largest number of young from one female was 121 (Table 2), which 
occurred during the time when the average temperature was 65° F. 
The temperature in the experiment at the start was above 70°, and 
continued to be that for about a month. When the average tem¬ 
perature was decreased to 65° there was a decided increase in the 
number of young produced. A decrease in the number of young 
per individual occurred when the temperature was again raised to 
70°. This decrease, however, was not as marked as the increase 
resulting from lowering the temperature from 70° to 65°. The 
differences may have been due to the conditions under which the 
aphids were kept during nymphal development. It seems probable 
that the optimum temperature for this aphid is between 60° and 
70°, though no definite conclusion can be drawn, for it was impossible 
to hold the temperature for any length of time at points below 60°. 
Hence, no data on lower temperatures are available. 

Table 2. —Life histories of pea aphids under controlled temperature conditions, 

19U 


Series Y 

Age of j 
female' 
when i 
first 1 
yoimgj 
was j 
pro¬ 
duced' 
(days) 

Bays 
of re- 
pro- 
duc- 
tive 
period 

Num¬ 
ber of 
young 

! 

Lar¬ 
gest 
num¬ 
ber of 
young 
per 
day 

Bate of 
death 

Length 
of life 

i 

Temperature 

Hu¬ 

mid¬ 

ity, 

aver¬ 

age 

Identification 

No. 

Date of 
birth 

Maxi¬ 

mum 

Mini¬ 

mum 

i 

1 

i 

Hour¬ 
ly av¬ 
erage 






1 



op. 


^F, 


8 (1). 

Jan. 4 

9 

2 

12 

6 

Jan. 15 

11 

83 

70 

75 

74 

9 (3). 

Jan, 13 

7 

8 

39 

! 7 

Jan. 28 

15 

SO 

60 

70 

75 

10 (1). 

Jan. 20 

I 10 

19 

19 

7 

Feb. 17 

28 

80 

60 

70 

78 

11 (1). 

Jan. 30 

1 11 

8 

Ha 


Feb. 17 

19 

80 

i 60 

70 

78 

12 (1). 

Feb. 10 

11 

24 

75 

! 7 

Mar. 21 

40 

80 

I 57 

65 

78 

12(2). 

Feb. 10 

10 

19 

98 

10 

Mar. 20 

39 

80 

1 57 

65 

78 

13 (2). 

Feb. 20 

10 

18 

121 

11 

Mar, 29 

38 

80 

55 

65 

78 

14 (1). 

Feb. 29 

9 

30 

87 

12 

Apr. 8 

39 

90 

1 57 

70 

81 

14 (2). 

Feb. 29 

11 

20 

68 

7 

Apr. 8 

39 

90 

' 57 

70 

81 

15 (1). 

Mar. 9 

9 

21 

90 

12 

Apr. 8 

30 

87 

i 55 

70 

81 

15 (2). 

Mar. 9 

10 

19 

97 

9 

i Apr. 8 

30 

87 

I 55 

70 

81 

16 (1). 

Mar. 19 

8 

12 

64 

14 

Apr. 8 

20 

86 

55 

70 

70 

16 (2). 

Mar. 19 

8 

10 

65 

10 

Apr. 8 

20 

85 

55 

70 

80 

17 (1). 

Mar. 28 

8 

7 

35 

9 

Apr. 16 

19 

85 

! 55 

70 

81 

10(2). 

Jan. 13 

8 

5 

14 

5 

Jan. 26 

13 

83 

i 70 

70 

76 

11 (2). 

Jan. 21 

8 

IG 

29 

7 

Feb. 28 

38 

80 

60 

70 

78 

11 (3). 

Jan. 27 

12 

19 

22 

4 

Feb. 27 

31 

80 

60 

70 

78 

11 (4). 

Jan. 29 

12 

17 

20 

3 

Mar. 5 

35 

80 

57 i 

70 

81 

11 C5)...A. 

Jan. 29 

12 

7 

12 

4 

Mar. 13 

43 

80 

57 

70 

81 

12 (1).. 

Jan. 29 

10 

7 

17 

5 

Feb. 15 

17 

80 

60 

70 

81 

12(2). 

Jan. 29 

10 

32 

55 

9 

Mar. 10 

42 

80 

55 

65 

80 

13 (1).. 

Feb. 8 

9 

13 1 

51 

6 

Mar. 3 

24 

80 

57 

70 

80 

13 (2). 

Feb. 8 

10 

32 i 

67 j 

5 

Mar. 24 

45 

80 

57 

65 

81 


Feb. 17 

11 

26 

111 

10 

Mar. 25 

37 

80 

65 

65 

80 

14 (2).! 

Feb. 18 

10 

26 

95 

7 

Apr. 8 

50 

90 

55 

70 

80 

14 (3).‘ 

Feb. 17 

12 

28 

75 

7 

Apr. 7 

50 

90 

67 

70 

81 

14 (4). 

Feb. 18 

11 

11 

54 

9 

Mar. 13 

24 

80 

55 

70 

80 

15 (2). 

Feb. 28 

9 

8 

30 

6 

Mar. 6 

18 

90 

57 

70 

80 

16 (2). I 

Mar. 9 

8 

12 

53 

9 

Mar. 29 

20 

87 

65 

70 

80 

17 (1). 

Mar. 18 

8 

16 

37 

6 

Apr. 15 

28 

85 

55 

70 

80 

AV. of 30 individuals 

9.7 

16.4 

54.3 



30 





1 

1 









1 
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The experiments the results- of which are recorded in Table 3 
were carried on in the field laboratory during the summer of 1924. 
It was difficult to rear the aphids over a complete life cycle. How¬ 
ever, the aphids were also decreasing in numbers in an adjoining 
alfalfa field, so the insectary equipment apparently was not respon¬ 
sible for the difficulties encountered in the rearing in the insectary. 
Attempts during the summer of 1925 to rear an unbroken line thi'ough 
the summer on alfalfa at the field insectary were unsuccessful. 

A comparison of the data obtained under field-insectary and 
greenhouse conditions is of interest. The average age of the female 
when first young was born in the field insectary was 10.6 days, and 
in the greenhouse it was 8.3 days. The average length of the re¬ 
productive period in the field insectary was 3.3 days, and in the 
greenhouse it was 10.8 days. The average number of young produced 
in the field insectary was 13.4 and in the greenhouse 21.4. In the 
field insectary, as w^ell as in the greenhouse, the largest number of 
young was produced when the average temperature was about 60 
or 65^ F. Also, the aphids lived longest at these temperatures. 
However, under both of these conditions the averages were not 
nearly so high as when the temperature was more constant. In 
the greenhouse, where the variation in temperature was greater than 
that in the air chambers, the averages of the life activities of the 
aphids were smaller. 

Table 3. —Life histories of pea aphids under field-insectary conditions^ 19^4 


Series F 

Age 

of 

female 

when 

first 

young 

was 

pro¬ 

duced 

(days) 

Days 

of 

repro¬ 

duc¬ 

tive 

period 

Num¬ 
ber of 
young 

Larg¬ 
est 
num¬ 
ber of 
young 
per 
day 

Date of 
death 

Length 
of life 

Temperature 

Hu¬ 

mid¬ 

ity, 

ap¬ 

proxi¬ 

mate 

aver¬ 

age 

Identification 

No. 

Date of 
birth 

Maxi¬ 

mum 

Mini¬ 

mum 

Aver¬ 

age 

2 (8). 

June 30 

10 

2 

6 

3 

^uly 

12 

12 

98 

46 

74 

72 

2 (1). 

May 1 

20 

1 

2 

2 

June 

1 

31 

90 

35 

6^ 

71 

3 (1). 

May 19 

12 

10 

66 

7 

June 

13 

25 

95 

36 

65 

81 

3 (2). 

May 19 

12 

7 

42 

10 

June 

9 

21 

95 

35 

62 

80 

4 (1). 

May 30 

9 

8 

23 

S 

June 

16 

17 

95 

47 

75 

79 

5 (1). 

June 8 

8 

5 

13 

6 

June 

23 

15 

104 

60 

8^ 

79 

6 (2). 

June 16 

10 

2 

3 

2 

June 

30 

14 

104 

58 

80 

80 

7 Cl).. 

June 26 

12 

1 

2 

2 

July 

9 

13 

100 

46 

75 

75 

2 (1). 

May 6 

18 

1 

9 

9 

June 

1 

27 

90 

35 

60 

70 

3 (1). 

May 23 

12 

3 

19 

7 

June 

9 

17 

95 

35 

65 

70 

3 (2). 

May 23 

12 

2 

9 

5 

June 

g 

17 

95 

35 

65 

70 

4 (1).. 

June 4 

8 

3 

11 

7 

June 

17 

13 

95 

47 

75 

80 

4 (2). 

June 8 

7 

3 

12 

5 

June 

19 

11 

104 

60 

SO 

t 80 

2 (1). 

June 24 

12 

8 

20 

5 

July 

15 

21 

100 

46 1 

75 

80 

2 (2). 

June 24 

10 

2 

8 

4 

July 

S 

14 

100 

46 

75 

75 

2 (3). 

June 24 

10 

3 

11 

4 

July 

9 

15 

100 

46 

75 

75 

3 (6). 

July 7 

8 

1 

10 

10 

July 

17 

10 

104 

65 

80 

70 

3 (8). 

July 7 

8 

1 

8 

8 

July 

17 

10 

104 

55 

SO 

70 

2 (1). 

June 30 

10 

6 

15 

4 

July 

17 

17 

104 1 

65 

77 

73 

2 (2). 

June 30 

11 

1 

3 

3 

July 12 

12 

97 

65 

75 

1 73 

2 (3). 

June 30 

11 

2 

4 

2 

July 

13 

13 

97 

55 

75 

t 73 

2 (5). 

1 June 30 

10 

3 

10 

8 i 

July 

13 

13 

97 1 

65 

75 

73 

2 (14). 

July 2 

10 

1 

3 

3 

July 

14 

12 

97 i 

55 

77 

70 

A.V. of 23 individuals 

10.8 

3.3 

13.4 




16 






_ 
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CORRELATION RATIOS 

Correlation ratios and probable errors were computed for several 
factors of the life cycle of the pea aphid. The averages from Tables 
1 and 2 were used." The formula used for the correlation computa¬ 
tion was: 



X and Y are the original numbers, and N is the total number 
of individuals. The probable error was computed by the following 
formulaj r being the correlation ratio: 

0.6745 (l-P) 

^ 4N 

When the correlation is 4.9 times the probable error, the results 
are regarded as significant; that is, according to the laws of chance, 
such condition would happen only once in 1,052 trials. 

These determinations were made to show the presence or absence 
of correlations, not only between the different factors of the life 
cycle of the pea aphid, but also between these factors and the average 
hourly temperature. These determinations are given in Table 4. 

Table 4. —Correlation between various factors in the life cycle of pea aphids 


Between 

Data from Table 1 

Data from Table 2 

Correlation 

coefficient 

Probable 

error 

Correlation 

coefficient 

Probable 

error 

Age of mother when first young was bom and— 

Length of reproductive period.. 

Total number of young. 

Length of life.... 

-0.3695 
-.3042 
1006 
.1854 

.7588 
.9324 
-. 01248 

-.2288 

-.0092 

±0.1503 
db.l404 
±. 1532 
±.1494 

±. 06559 
±. 02033 
±. 1547 

±. 1466 
±. 1547 

0.3522 ; 
.06681 i 
.5583 1 
-.227 1 

.6209 
.8242 ! 
-.5971 

-.5624 

-.5277 

±0.1079 
±.1226 
±.0848 
±.1168 

±,0756 
±.0396 
±. 07926 

±.08426 

±.08822 

Average hourly temperature. 

Length of reproductive period and— 

Total number of young. 

Length of life...— 

Average hourly temperature-....— 

Total number of young and average hourly tem¬ 
perature- . ..- 

Len^h of life and average hourly temperature. 


The significant correlations are (1) between the age of the mother 
when the first young was born and the length of life under controlled 
conditions; (2) between the length of the reproductive period and the 
total number of young produced; (3) between the length of repro¬ 
ductive period and the length of life; (4) between the length of the 
reproductive period and the average hourly temperature in the con¬ 
trolled temperature series; (5) between the total number of young 
and the average hourly temperature in the controlled temperature 
series; and (6) between the length of life and the average hourly 
temperature in the controlled temperature series. 
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The first three correlations will not be discussed here, for the reason 
that they are either readily explainable or not important in this 
discussion. In the latter three correlations, it seems clear that the 
length of the reproductive period, the total number of young pro¬ 
duced, and the length of life of the mother are strongly affected by 
temperature. It should be remembered that food conditions were 
kept at or near the optimum, and that the variations in humidity 
were slight. The data indicate that as the temperature varies from 
the indicated optimum, the length of life, the length of reproduc¬ 
tive period, and the total number of young produced are reduced. 

The average length of life under uncontrolled temperatures was 
21 days, and the number of young produced was 41, while corre¬ 
sponding data under controlled temperature was 30 days and 54 
young. 

The largest number of young was produced at an average tempera¬ 
ture of 65° F. and a humidity of 80°. As the average temperature 
increased, the number of young produced decreased. This is espe¬ 
cially important in explaining the seasonal activity of these aphids 
in the field. The aphids are most abundant and injurious in the 
field in April and May. The 37-year average temperatures for these 
months for the State are 54.6° and 63.6° F., respectively, which are 
not far from the indicated optimum. 

The aphids become very scarce in early June, and remain so until 
September. Bearings in the field insectary, as recorded in Table 3, 
emphasize the reduced rate of reproduction and shortened life, 
which, with the activities of natural enemies and the cutting of the 
crop, explain their scarcity in the field. It was almost impossible 
to keep an unbroken series going in the field insectary during the 
summer, under the most favorable food conditions, and where 
natural enemies and the cutting of the alfalfa were not influencing 
factors. This would indicate that the high summer temperature and 
low humidity were dominant influences. 

In September and October the average temperature approaches 
the optimum for this insect, and the aphids again become fairly 
plentiful though not particularly injurious. The average tempera¬ 
tures for these two months for 1920, when aphids were unusually 
plentiful in certain fields at Manhattan, were 69.6° and 60.8° F., 
respectively. 

SUMMARY 


During these studies, three outbreaks of the pea aphid—one of 
major importance, and the other two of minor importance—occurred 
in mfalfa fields in Kansas. Observations were made upon the aphides 
behavior in the field and upon some features of its life economy, by 
rearings on alfalfa in a field laboratory, in the chambers of a con- 
trolled-temperature apparatus, and in an ordinary greenhouse. The 
following are the results of the three series of rearings: 


Series F: Twenty-three individuals reared on alfalfa in field laboratory; 
average temperature from May 1, 1924, to July 14, 1924, 73° F.—range 35° to 
104°. 

Series Y: Thirty individuals reared on alfalfa under controlled-temperature 
conditions: average temperature from January 4, 1924, to April 15, 1924, was 

ftQO KKO fr. OHO 
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Series Z; Twenty-one generations reared on alfalfa in greenhouse, under 
natural greenhouse conditions; average temperature from November 9, 1923, 
to April 18, 1924, was 77.4° F.—range from 60° to 100°. 

Table 5.— Summary table 


Series F 


Series Y | Series Z 



Aver¬ 

age 

Maxi¬ 

mum 

Mini¬ 

mum 

Aver¬ 

age 

Maxi¬ 

mum 

Mini¬ 

mum 

.. 

Aver¬ 

age 

Maxi¬ 

mum 

Mini¬ 

mum 

Age of female when first young was 
produced (days)_ 

10.8 

20 

7 

9.7 

12 


8.3 

13 

6 

Length of reproductive period (days) _ 
Number of young... 

3.3 

13.7 

10 

66 

1 

2 

16.4 i 
54.3 1 

32 

121 

2 

12 

i 10.8 
41 

31 

93 

3 

11 

Average number of young per day of 
reproductive period... 

3.9 

10 

1 

3.3 

0 

1 

3.7 

6 

2 

Length of life (days).... 

16.0 

31 

10 

30.0 

50 i 

11 

i 21.4 

i 1 

1 45 

10 



The optimum temperature for this aphid seemed to be at or near 
65° F., at a humiditjr of about 80 per cent, but the exact optimum 
could not be determined. The aphids were most plentiful in the 
field during the months which have an average temperature near 
65°—viz, April, May, September, and October. There is a stroi^ 
indication that the rainfall of March is a governing factor in 
Kansas, with respect to possible damage to alfalfa. It was difficult, 
and in some cases impossible, to maintain an unbroken line in the 
field insectary during the summer. The aphids are very scarce in 
alfalfa fields also at this time. There is an indication that the high 
summer temperatures and low humidity are predominating in¬ 
fluences, although natural enemies are also a factor. The pea 
aphids overwinter at Manhattan chiefly as nymphs and adults, 
but eggs were taken during the winter of 1924. 
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CLIMATIC EFFECTS IN THE METABOLISM OF THE SUGAR 

BEET' 

By W. E. Tottingham and S. Lepkovsky, Department of Agricultural Chem¬ 
istry, University of Wisco7isin; and E. R. Schulz and K. P. Link, 2 formerly 
of the Office of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

In the summer of 1919 the senior writers undertook an investiga¬ 
tion of nitrogenous metabolism in leaves of the sugar beet, which has 
been reported briefly {17, p. 17)? It was the purpose of that work 
to determine whether protein synthesis occurred simultaneously 
with carbon assimilation or ensued in the following period of dai^ess. 
The results of earlier investigation on this point indicate the first of 
these relations. Kosutany {11) found a little greater percentage of 
soluble protein in leaves of Vitis riparia at 3 a. m. than at 3 p. m. 
On the other hand, Suzuki {22), employing leaves of several plant 
species, foimd at 6 p. m. a decided excess of this constituent over the 
percentage at 6 a. m. Schulze and Schiitz {18), basing results upon 
both the number of leaves sampled and the weight of fresh material, 
concluded that with younger leaves of boxdder {Acer negundo) 
proteins migrated at night from the seat of synthesis. Sii^arly, 
Pigorini {16) found a nocturnal decline of more than 11 per cent in 
the protein nitrogen of leaves of mulberry {Morus alba). These 
results were based on weights of fresh tissue. According to 
Chibnall (7), this is the most accurate method of expressing the 
results. He found {8) with the runner bean (Phasedlus vulgaris) a 
decline of nearly 2 per cent of foliar protein nitrogen at night. 

ANALYTICAL PROCEDURE 

Inasmuch as preliminary tests {24) had indicated the impossibility 
of preserving the tissue without alteration of the soluble protein, the 
freshly sampled material was extracted directly. The leaf surface 
was dried by absorbent paper and brushed free of foreign material. 
After dissecting out the midribs the blade tissue was rapidly chopped 
fine, thoroughly mixed and replicate samples of 20 or 25 gm. were 
taken for moisture determination. Replicate samples of 10 gm. 
were used for determining total nitrogen. A 100-gm. portion of the 
tissue was triturated rapidly in a large porcelain mortar with the 
addition of an equal weight of washed, fine, spherical sand. About 
5 c. c. of ether was added to promote plasmolysis, and water was 
added as required to give proper consistency for trituration. This 
took about 15 minutes. The pulverized tissue was then transferred 


1 Eeceived for publication Oct. 14,1925; issued July, 1926. Published with permission of the director of 
the Wisconsin Agricultural Experiment Station. 

2 With the collaboration of H. Bernstein and N. T. Nelson, graduate students, University of Wisconsin, 
and H. B. Parmele and A. D. Dickson, assistants, Bureau of Plant Industry, United States Department 
of Agriculture. 
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to a double layer of cheesecloth and extracted with successiye por¬ 
tions of water to a volume of about 1,800 c. c., wringing out each 
portion of wash water. This extract was passed through a layer of 
paper pulp nearly 0.5 cm. thick on a Buchner funnel, with the aid of 
gentle suction. Petioles and roots were similarly treated. "WTien 
washed to a volume of 2 liters, the filtrate was usually quite trans¬ 
parent and green to brown in color. Aliquots of 500 c. c. were brought 
quickly to boiling and coagulated with a few drops of 10 per cent 
acetic acid. This precipitate of the soluble protein was filtered out 
and determined by the Kjeldahl-Gunning method, the time required 
from sampling of the tissue to boiling of the extract being about one 
hour. This period is of importance in relation to a subsequent dis¬ 
cussion of enzymatic action. The extent of extraction specified here 
had been found to remove all but traces of soluble aplha-amino 
nitrogen compounds. 

The residual solution fvom the separation of soluble protein was 
employed for determination of sugars and of nitrogen present as 
ammo acids and other forms. Separate aliquots from the 2 liters of 
filtered extracts served for the determination of total soluble nitrogen. 
Reducing sugars were determined by the Shafler-Hartmann method 
(19), and sucrose by the Herzfeld process for inversion (J, p. S66). 

It appears that the amount of nitrogen, apparently in the form 
of soluble protein, may depend upon tne degree of giinding of the 
tissue, as well as upon the methods of filtering. The writers have 
found that this constituent is relatively independent of the thickness 
of paper pulp employed as a filter. Comparison of the composition 
of extract with that obtained by use of a mill for grinding, as employed 
by Osborne (If) with frozen tissue, is given in Table 1. The writers 
applied the mill to the fresh, unfrozen tissue. 

Microscopic examination indicated that the walls of practically 
all cells were ruptured by the use of a mortar for grinding. The 
results show that the mill treatment recovered 10 to 15 per cent more 
of the total nitrogen in soluble form than did use of the mortar. 
This is accounted for largely by the increased dispersion of protein. 
That a similar effect can be obtained by regrinding the extracted 
tissue in the mortar method is indicated by preliminary tests. The 
other differences in composition of extract by the two methods of 
grinding are too small to appear significant. 

Table 1 . —Composition of extract obtained from sugar-mangold leaves by mortar 
and pestle, compared with use of the Nixtamal mill 

[Values are percentages of dry matter] 

Sample A Sample B 

Mortar Mill Mortar Mill 

5.40 5.40 5.42 5.42 

3.62 4.20 3.42 4.28 

2.70 3.28 2.40 3.16 

.92 . 92 1.02 1.12 

.35 ,22 .31 .22 

3.00 3.05 2.45 2.60 

1.40 1.55 1.60 1.35 


Total nitrogen. 

Soluble nitrogen. 

Coagulable nitrogen..- 
Other soluble nitrogen. 
Alpha amino nitrogen. 

Reducing sugars-. 

Sucrose. 
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A phase of this process of recoyering the soluble constituents which 
should receive special attention is the possibility of inversion of 
sucrose during the period between sampling and heating the extract 
for recovery of soluble proteins. To test this matter, extracts ob¬ 
tained by maceration in a mortar, in which the time elapsed until 
inactivation of enzymes by boiling did not exceed 30 minutes, were 
compared with those obtained from corresponding leaves killed imme¬ 
diately after sampling by immersion in boiling alcohol {13). CaCOs 
was aSded promptly to the extracts. The data appear in Table 2. 


Table 2. —Comparison of recovery of sugars from sugar-^beet leaves by direct 
extraction with alcohol and delayed extraction with water 

[Values are percentages of dry matterl 



[ Time of sampling 

Morning 

Noon 

Night 

Direct 

Macer¬ 

ated 

Direct 

Macer¬ 

ated 

Direct 

Macer¬ 

ated 

Reducing sugars. 

Sucrose. 

2.85 

1.70 

2.90 

1.71 

4.74 

1.35 

4.83 

1.43 

1.40 

2.00 

1.49 
2.10 


These results show that no inversion occurred during the time 
required by the extraction method employed in the present investiga¬ 
tion. Similar conditions were found to hold for petiole and root 
tissues. Preliminary trials over longer periods indicated that inversion 
of sucrose in leaf tissue does not become appreciable at room tempera¬ 
tures until after one hour. This gives good grounds for assuming 
that marked variations in the distribution of sugars in the present 
case existed in the tissues as sampled. 

RESULTS OP 1919 

Samplings from many plants were taken at about sunrise and 
sunset. Only two leaves were taken from a single plant, and these 
were intermediate in age to the foliage as a whole. The climatic data 
are those recorded at the weather station, located about 1.2 kilo¬ 
meters east of the beet field and at some 30 meters greater elevation 
than the beet field. 

In Table 3 are assembled the climatic and analytical data of this 
period. A value of 20 per cent has been assumed to approximate the 
average nitrogen content of soluble compounds other than proteins, 
amino acids, and ammonia, reported here as'^^rest-soluble All 
of the values for nitrogenous compounds were based on the dry 
matter. In this particmar case the values for sugar were obtained 
by the Defren-O’Suhivan method. Therefore they probably exceed 
the true reducing sugars, and are of questionable "significance. The 
climatic and analytical data are assembled in Figure 1. 

It appears froni the graphs that the time of day was less significant 
than temperature in determining differences of composition. The 
limited and questionable data for reducing sugars seem to be directly 
related to temperature variations. The soluble protein varies in an 
inverse manner to changes of temperature, and with particularly 
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marked effect on the cold morning of August 27. This is true also 
of the other higher forms of soluble, assimilated nitrogen designated 
as rest-soluble.’^ The insoluble protein varies in the same directions 
as temperature, while a-amino nitrogen varies with temperature in 
the afternoon samplings, but inversely to it in the morning. Am¬ 
monia varies in the manner of temperatm^e throughout, but amide 
follows the course of amino acid. For some .reason not apparent, 
the data for the evening of September 6 are erratic throughout as 
compared with other dates. It may be noted that a medium degree 
of radiation coincides with a high temperature efficiency on this date. 
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Fig. 1.—Graphs of climatic and analytical data of 1919 investigations of the leaf of sugar mangold 

Table 3. —Climatic data and analytical results for investigation of sugar-beet 

leaves, 1919 


Climatic data 


Analytical data of dry matter 


Date 

Temperature 

Temperature co¬ 
efficient 

Radiation calor¬ 
ies per square 
centimeter 

Vapor pressure 
deficit 

Dry matter 

Reducing sugars 

Insoluble protein 

Soluble protein 

Rest-soluble NX 5 

a-Amino N 

Amide N 

'3 

'S 

o 





Mm} 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 






cent 

cent 

cent 

cent 1 

cent \ 

cent ' 

cent ' 

cent 

AlUS 18, *7 a, m 

17.5 

2.5 


1.9 

11.9 


16.9 

14 6 

2.9 

0.22 

0.08 

0.05 

8 p. m.. 

23.5 

3.7 

556 

9.5 

13.7 


16.6 

16.9 

2.3 

.24 

. 12 

.03 

A ug ?0 7 a Tn 

17.8 

2.5 


2.3 

13.4 


16.7 

15.2 

.2 

.19 

.03 

.07 

A ntr 91 7 tv m 

24.4 

4.0 

597 

14.3 

13.6 


17.3 

17.4 

2.1 

.25 


.06 

.n.U&« Atf i y. JUl.* 

Ang ?i5 ft a m 

14 4 

2.0 


4.0 

14 6 

2.5 

17.0 

12.5 

2.6 

.16 


.08 

8p.m. 

20.0 

2.9 

592 

9.4 

14.6 

41 

13.6 

15.6 

2.6 

.17 

.01 

.02 

Aug. 27, 6 a. m_ 

12.8 

1.8 


3.1 

16.2 

3,3 

9.8 

20.5 

4.8 

.19 

. 04 

.03 

8 p. m. _ _ _ 

19.4 

2.8 

585 

9.2 

16.1 

3,2 

12.0 

18.5 

4.1 

.17 

.02 

.02 

Sept. 2, 7 a. m_ 

13.9 

1.9 


5.2 

14.9 

3.2 

16.5 

16.3 

3.3 

.17 

, .02 

. 05 

s p. m __ 

20.0 

2.9 

284 

7.8 

16.1 

3.4 

11.8 

17.9 

1.5 

.19 

.06 

.06 

- ftj 7 a- rn _ _ 

14.4 

2.0 


2.8 

15.3 

3.6 

15.2 

15.0 

3.2 

.17 

.02 

.05 

Sept, 6,8p. m. 

26.1 

4,5 

480 

141 

17.3 

3.9 

12,4 

16.3 

1.0 

.16 

.02 

.03 
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RESULTS OF 1920 

The dates^ of sampling in this season were necessarily; widely sep¬ 
arated. This should be kept in mind in considering irregularities 
of the analytical data, particularly as regards the widely separated 
final date of September 29. The data are given in Table 4, and are 
shown graphically in Figure 2. 
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Fig. 2.—Graphs of climatic and analytical data of 1920 investigations of the leaf of sugar mangold 


Table 4. —Climatic data and analytical results for investigation of sugar-beet 

leaves y 1920 


Date 

! 

Climatic data 


Dry 

matter 

Analytical data of dry matter 

' Tem- 
' per- 
ature 

Tem¬ 

per¬ 

ature 

coeffi¬ 

cient 

Radi¬ 
ation 
calor¬ 
ies per 
square 
centi¬ 
meter 

Vapor 

pres¬ 

sure 

deficit 

Insol¬ 

uble 

pro¬ 

tein 

Sol¬ 

uble 

pro¬ 

tein 

Rest- 

soluble 

NX5 

a-Ami- 
no N 

Am¬ 

monia 

N 





Mia. 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

July 31,6 a. m 

. 21.7 

3.30 


6.9 

11.0 

A3 

21.9 

2.6 

0.20 

0.05 

7 p. m--- 

J 26.7 

A 67 

570 

12.2 

32.5 

8.1 

18.8 

3.1 

.17 

.02 

Aug. 7,6 a. m 

21.1 

3.17 


6.3 

12.8 

4.8 

17.5 

2.2 

.16 

.04 

7 p. m--- 

. 23.9 

3.85 

459 

8.4 

12.8 

4.6 

21.3 

2.7 

.18 

.04 

Aug. 14,6 a. m 

- 16.7 

2.33 


1.7 

10.0 

5.2 

21.3 

2.2 

.14 

.06 

7 p. m... 

. 23.3 

3.70 

535 

9.6 

11.3 

7.5 

19.4 

3.6 

.09 


Aug. 26,6 a. m_ 

. 14.4 

2.00 


3.4 

12.5 

7.5 

21,3 

2,5 

.17 

.03 

7 p. m... 

. 21.1 

3.17 

590 

8.9 

13.2 

5.0 

18.1 

2.5 

.18 

.03 

Sept. 30,6 a. m_ 

1 10.1 

2.25 


5.2 

14.8 

3.8 

19.4 

4.5 



Sept. 29,7 p. m... 

J 21.1 

3.17 

254 

8.5 

14.5 

3.1 

17.5 

4.5 


. 
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In general, soluble protein varied in a manner inverse to tem¬ 
perature changes. This agrees with the results of 1919. Insoluble 
protein varied somewhat in the same direction as temperature in 
the evening samplings, but inversely so in the morning. The rest- 
soluble nitrogen varied iiregularly, and apparently insignificantly. 
a-Amino nitrogen varied in a manner diametrically opposite to its 
behavior in 1919—that is, in the opposite dhection to temperature 
in the afternoon but directly so in the morning. The data for 
NTIg are too few to be significant. It is apparent that the scattered 
dates of sampling failed to, produce consistent analytical results. 
The marked increase of rest-soluble nitrogen with advance of the 
season (September 29 to 30) is striking, and simulative of the low- 
temperature effect on proteins in 1919. 



Fio. 3.—Graphs of climatic and analytical data of 1923 investigations of the leaf of sugar beet 
RESULTS OP 1923 

In. 1923 the services of several workers were available. Even with 
this unusual amount of assistance it was necessary to abandon 
detailed separation of the nitrogenous constituents in order to main¬ 
tain a schedule of two or more samplings per day. More importance 
was attached, however, to the uninterrupted daily samplings and 
analyses of petioles and roots, in addition to leaf blades. It appears, 
also, that it was possible to select more favorable hours of the day 
than in previous seasons for obtaining marked and significant 
differences of composition. The data are presented in Tables 
5 to 8, and Figures 3 to 8, inclusive. 
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Fig. 7.—Graphs of climatic and analytical data of 1923 investigations of the petiole of su^ar beet 
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Fig. 8.~Graphs of climatic and analytical data of 1923 investigations of the roots of sugar beet 


Table 5. —Climatic data of sugar-beet sampling^ 192S (Jigs. 3 to 8) 





Tom- 

Vapor 

Radia¬ 

tion, 

calorics 



Tem- 


Radia¬ 

tion, 



Tem- 

per- 


Terri- 

per- 

Vapor 

cal- 

Date 

per- 

ature 

ature 

effi¬ 

ciency 

pres¬ 

sure 

deficit 

per 

square 

Date 

per- 

ature 

ature 

effi¬ 

ciency 

pres¬ 

sure 

deficit 

cries 

per 

squm 




index 


meter ^ 



index 


centi¬ 

meter 

Aug. 7, 


°C. 


Mm. 





Mm. 


4a.in. 

22,8 

3.6 

2.9 


Aug. 15, 4 a. m. 

15.6 

2.2 

3.6 


Aug. 8, 

2 p. m. 

18.9 

2.7 

8.6 

73 

2p. m. 

23.3 

3.7 

4 5 

403 

4 a. m. 

13.3 

1.9 

.9 


Aug. 16, 4 a. m. 

13.9 

1.9 

.6 


Aug. 9, 

2p. m. 

22.2 

3.4 

4.4 

397 

2p. m. 

20.6 

3.1 

8.5 

207 

4 a. m. 

15.6 

2.2 

5.3 


Aug. 17, 3 a. m. 

15.6 

2.2 

3.2 

Aug. 10, 

2p. m. 

25.6 

4.3 

7.4 

209 

6 a. m. 

14 4 

2.0 

13 


4 a. m. 

20.0 

2.9 

1.7 


9 a. m. 

19.4 

2.8 

5.7 

90 

Aug. 11, 

2 p. m. 

29.4 

5.7 

las 

339 

6p. m. 

25.0 

4 2 

10.3 

435 

4 a. m_ 

20.6 

3.1 

A 2 


lOp. m. 

21,1 

3.2 

6.9 

Aug. 12, 

2 p. m. 

30.6 

6.1 

17.3 

373 1 

Aug. 18, 4 a. m. 

18.3 

2.6 

2.0 


4 a. m. 

23.9 

3.9 

7.1 


8 a. m. 

20.6 

3.1 

A4 

40 

Aug. 13, 

2 p. m. 

26.7 

4.7 

9.4 

450 

6 p. m. 

25.6 

43 

6.8 

411 

4 a. m_ 

15.0 

2.1 

3.8 


! lOp. ni. 

2a 8 

3.6 

.0 



2 p. m. 

24.4 

40 

12 3 

434 






Aug. 14, 

4 a. m. 

21.1 

3.2 

.9 








2 p. m. 

29.4 

5.7 

143 

447 ! 
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sugar mangold ( 6 '), and those of Davis, Daish, and Sawyer obtained 
in the warm weather of August {9), The latter, however, found up 
to 12 per cent of hexoses in the cool weather of October. 

Sucrose varied irregularh". Over a considerable portion of the 
period investigated it followed the course of reducing sugars, but at 
other tim-es, especialty from August 9 to 12 , it varied inversely as 
the latter sugar. In view of these results it appears that glucose, 
as the preponderant form of reducing sugars, fluctuates more like 
a prim-ary product of carbon assimilation than does sucrose. 

The soluble protein in the leaf blades varied distinctly in a direc¬ 
tion inverse to tem^perature. This is in agreement with the results 
of the previous seasons. Insoluble protein varied irregularly, but, 
with the exception of the period August 14 to 17, it fluctuated 
parallel to temiDerature, and hence inversely to soluble protein. 
This suggests a relation logically to be expected—^nam.ely, inter- 
conversion between soluble and insoluble protein. It appears sig¬ 
nificant, also, that insoluble protein varies inversely as reducing 
sugars, suggesting the possibility of the sequence: Hexose—soluble 
protein—insoluble protein. The relatively slight variations of rest- 
soluble nitrogen are also in the direction of those for reducing sugars, 
suggesting a direct relation of such carbohydrates to synmesis of 
these forms of nitrogenous compounds. 

As the dry matter is relatively constant and shows no pronounced 
effects of saturation deficit of tke air, it may be concluded that the 
latter factor had little influence in producing the effects analyzed 
here. 

EFFECTS IN THE PETIOLE 

In the petiole the variations of dry matter are insignificant, the 
effects of the saturation deficit of the air appearing to be negligible. 
The percentage of reducing sugars shows relatively little variation, 
but there is a distant correspondence to variations of reducing sugars 
in the leaf. It is partially related in the inverse direction to tempera¬ 
ture changes. The small am.ounts of sucrose vary roughly in the 
same direction as reducing sugars. They therefore correlate with the 
monosaccharides of the leaf and not with its sucrose content. It 
appears from the data that invert sugar is the migratory form of 
carbohydrates, as generally observed by others. 

The soluble protein in the petiole varies irregularly, but seems to 
be inversely related to radiation. Insoluble protein is generally 
variable with the soluble form. The rest-soluble nitrog^ is dis¬ 
tinctly related inversely to soluble protein. It appears to be posi¬ 
tively related to temperature, hence varying inversely to the fluc¬ 
tuations of reducing sugars. Nitrate shows an inverse relation to 
reducing sugars and to rest-soluble nitrogen, while largely parallel 
to solume protein. It thus appears that NO 3 is transformed to rest- 
soluble forms of nitrogen as hexoses accumulate, but that the soluble 
and insoluble proteins diminish simultaneously. 

EFFECTS IN THE ROOT 

Variations of the dry matter in the root are negligible and in¬ 
capable of modifying metabelism. The percentage of reducing 
sugars varies appreciably in the forepart of the period of observa¬ 
tion, as if depressed by rising temperature, but it is almost constant 
^ter, despite sharp variations of both temperature and illumina- 
fion. Sucrose shows a distinct correlation with radiation. As 
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might be expected in a storage organ highly charged with this re¬ 
serve, the variations were proportionately much less than those of 
the leaf. This constituent seems to follow primarily the variations 
of reducing sugars of both leaf and petiole, rather than those of 
sucrose therein. 

Soluble protein shows here a response generally inverse to tem¬ 
perature cnanges, while insoluble protein varied relatively directly 
with this factor. Where there are disagreements, as on August 11 to 
13, the response seems to be delayed. The rest-soluble nitrogen 
varies irregularly'. Aside from August 14 to 17, it appears to be 
inversely" related to temperature, and hence correlated with the 
formation of soluble protein. The variations of, nitrate are sugges¬ 
tive of an inverse relation to reducing sugars in the fore period and 
to rest-soluble nitrogen later. However, the amount is too small 
to be interpreted as being of significance, especially in view of the 
possible complication from equilibrium in the root between nitrate 
diffusing backward from the petiole and that undergoing trans¬ 
location from the soil. 


EFFECTS IN DARKNESS 

EFFECTS IN THE LEAF 

With the exception of August 9 and the afternoon hours of August 
17, the percentage of reducing sugars in the leaf varies with tem¬ 
perature. The marked aberrations of August 9 and excessive effect 
of the evening of August 17 may well be due to the high illumination 
of the preceding daylight period. Sucrose varies consistently" in a 
manner inverse to temperature, and hence inversely to reducing 
sugars. Variations of soluble protein show a tendency to follow 
temperature at the fore period of growth, but are not distinctly" 
correlated therewith. With the exception of August 13 and 14, 
insoluble protein varies in a manner inverse to temperature changes. 
Thus, the proteins of the leaf tend to show by night a temperature 
response inverse to that of the daytime. The rest-soluble nitrogen 
shows only one distinct variation (on August 13), and that is parallel 
to the changes of temperature. 

EFFECTS IN THE PETIOLE 

The reducing sugars in the petiole vary irregularly with reference 
to temperature. Sucrose behaves simffarly. Excepting the dates 
from August 11 to 13, soluble protein varied in an inverse relation 
to temperature. Insoluble protein also varied chiefly in the above 
manner. Thus these compounds show the same trend in the petiole 
as by diiy. The rest-soluble nitrogen varies quite irregularly. 
Nitrate trends toward an inverse relation to temperature. It 
therefore shows a rather distinct inverse relation to rest-soluble 
nitrogen and to reducing sugars. 

EFFECTS IN THE ROOT 

The percentage of reducing sugars in the root shows no correlation 
with climatic factors. Sucrose varies in a manner inverse to tem¬ 
perature changes. The latter sugar, therefore, follows its own 
variations in the leaf. Soluble prdtein shows a somewhat inverse 
relation to temperature, and the same is true of insoluble protein. 
Rest-soluble nitrogen is also irregular, but with a tendency to follow 
the course of temperature. The slight amounts and variations of 
nitrate can not be considered significant. 
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Of the preceding particulars, the following relations appear to be 
most definite: During exposure to daylight the reducing sugars in¬ 
crease in the leaf with illumination, when the temperature remains 
w^ell below 30° C. Rest-soluble nitrogen varies parallel to reducing 
sugars. The relative amounts of these various compounds suggest 
the sequence: Reducing sugars—amino acids—soluble proteins— 
insoluble proteins. Simultaneously, the sugars of the petiole are 
determined somewhat by the variations of reducing sugar in the leaf, 
but the proteins show little correlation with climatic factors. The 
variations of nitrates and rest-soluble nitrogen are such as to indicate 
the sequence: Reducing sugars—rest-soluble nitrogen. Sucrose in 
the root responds to the variations of reducing sugars in leaf and 
petiole. Protein is stored in insoluble form at higher temperatures. 
In general, the results show the delayed response to be expected 
between leaf and root. 

In darkness, the reducing sugars of the leaf increase at the ex¬ 
pense of sucrose as the temperature rises. Simultaneously, the 
proteins also undergo hydrolysis and migrate to the petiole. In 
the latter organ the same status of proteins is maintained, indicating 
further migration of these compounds to the root at higher tempera¬ 
tures. The variations of nitrate in the petiole suggest that these, 
in conjunction with reducing sugars, arc converted to rest-soluble 
forms, although this synthetic process may occur in the leaf blade. 
Sucrose in the root shows an inverse resj^ohse to temperature during 
darkness, but proteins are less definitely influenced. 

DISCUSSION 

Since the early investigations of Brown and Morris, the nature 
of the first sugar produced in carbon assimilation of chlorophyllous 
plants has been a mooted cpiestion. These workers worked with 
leaves of nasturtium dried in a steam-heated oven. Fortunately, 
this tissue dries rapidly, so that the chance of caramelizing is rela¬ 
tively low. The analytical methods employed were the most reliable 
then extant. As a result of marked accumulation of sucrose during 
illumination by sunlight, while the reducing sugars varied irregu¬ 
larly, Brown and Morris {2) inclined to the belief that the former was 
the first sugar of photosynthesis. Parkin {15) followed the distribu¬ 
tion of sugars in the leaf of the snowdrop {Galanthus nivalis). On 
exposure of etiolated plants and of detached leaves to daylight, sucrose 
increased very decidedly while the percentage of hexoses remained 
rather constant. The ratio of sucrose to hexoses decreased from 
the tip of the leaves toward the base, and increased as the season 
advanced. Parkin suggests it is quite possible that sucrose is the 
first tangible product of carbon assimilation. 

Strakosch {21) observed, by means of the osazone reaction, that 
glucose seemed to be the first sugar formed in the mesophyll of the 
sugar-beet leaf. The reduction test with Fehling^s solution upon 
tissue extracts showed a great preponderance of hexoses over sucrose 
in the leaf. Upon exposure to sunlight after prolonged etiolation 
the hexoses of the leaf were rapidly converted to sucrose. Similar 
observations led Dixon and Mason {10) to suggest that hexoses are 
synthesized in the protoplasm, sucrose being condensed therefrom 
and excreted into the vacuoles. 

" Gmipbell (^), on the basis of reliable methods of extraction and 
^ ^^Wysis, but with admittedly too few data to be conclusive, obtained 
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evidence that an increase of liexoses precedes that of sucrose in 
leaves of the sugar mangold with the advent of daylight periods. 

Davis, Daish, and Sawyer (9) present data for the distribution of 
carbohydrates in leaves of the mangold at intervals of two hours. 
These cover three days from August 26 to October 11. The vari¬ 
ations of sucrose exceed those of the hexoses. On account of the 
low temperatures prevailing on their later dates of examination, 
their data (Table 9) are not comparable with those of the present 
writers. The results of August 26-27 are showm graphically in 





Fig. 9.—Graphs illustrating data of Davis, Daish, and Sawyer on distribution of carbohydrates in 
leaf of the mangold at intervals of two hours, Aug. 26-27 

Figure 9. The percentage of hexoses declined after 10 a. m., when 
the temperature had reached 21 °C. The total sugars also attained 
a maximum value by 10 a. m., and this plane was maintained until 
toward 2 p. m. Because of the generally greater variation of hexoses 
than of sucrose, these investigators consider that their results support 
the conception of the latter sugar as the primary one of carbon 
assimilation. As to the relative response of the sugars to the change 
from darkness to daylight, their results are incondusive. 

Table 9. —Data from- DaviSj Daish ^ and Sawyer for Figure 9 


Date i 

1 

Temper¬ 

ature 

Hexose 

Sucrose 

Date 

Temper¬ 

ature 

Hexose 

Sucrose 

i 


Per eeni 

Per cent 



Per cent 

Per cent 

Aug. 26, 6 a, m_1 

7.2 

0.8 

2.5 

Aug. 26, 6 p. m— 

18.9 

1.0 

2.8 

8a, m. 

16.8 

1.4 

2.8 

8 p. m_ 

16.1 

.9 

2.4 

10 a. m_ 1 

21.1 

2.2 

3.0 

10 p. m.„. 

14.7 

.9 

2.2 

12 a. m.,.. 

22.9 

2.2 

3.1 

12 p. m_ 

14.4 

.6 

2.2 

2 p. m _ 1 

23.9 

1,9 

3.1 

Aug. 27, 2 a. m_ 

13.9 

.4 

1.6 

4 p. m_ 1 

21.7 

1.2 

3.1 

4 a. m_ 

1 13.3 

.2 

1.5 


The accumulation of sucrose while hexoses are decreasing possibly 
may be explained by the respiratory effect of relatively high tempera-, 
tures. Brown and Morris (£) estimated that glucose was utilized 
to a greater extent than fructose in respiration. Lindet (12) grew 
the embryo of barley on invert sugar, and found a utilization of 17 
to 70 per cent more glucose than fructose. If this is true generally, 
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one can understand wliat prompted Boysen-Jensen (/) to make his 
observation on the accumulation of sucrose in germinating peas. 
If fructose accumulates, even though the plane of glucose is reduced, 
it would seem quite possible for the condition of equilibrium between 
these sugars to induce the formation of sucrose. 

Thoday (23) c[uotes Broocks^ results from weighings of leaf sec¬ 
tions which indicate the cessation of photosynthesis at midday. 
Thoday ascribed this to engorgement of the leaf tissue with photo¬ 
synthetic products. It would seem, recognizing limitations of 
Broocks’ method of measurement and his unknown temperatui'e rela¬ 
tions, that the effect here discussed might have been due to an 
excess effect of respiration over synthesis. Spoehr (20, pt. 2) has 
shown the interrelation between respiration and photosynthesis of 
carbohydrates in leaves of the bean and sunflower. He found that 
an increase of photosynthesis definitely stimulated respiration. It 
appears that this effect must be taken into account in interpreting 
the results of others cited here and those of the present writers which 
indicate that high temperatures cause a depression in the percentage 
of reducing sugars in leaf-blade tissue. Moreover, if one considers 
the criticism of Brown and Heise (3, 4)j the rate of carbon assimilation 
is not augmented much by an increase of temperature and it de¬ 
creases with increasing illumination. Thus, in the writers’ results 
for 1923 the overstepping of the most efficient light intensity ma}^ have 
operated in conjunction with higher temperatures to produce the 
limited content of reducing sugar attained. The wiiters interpret 
their results as indicating that these sugars are among the primary 
products appearing in carbon assimilation. 

The writers recognize the claim of Chibnall (7) that computations 
based upon fresh weight of tissue overcome errors incident to de¬ 
terminations based upon dry weight. Nevertheless, they are unable 
to comprehend how the former method of calculation could alter the 
proportions of constituents when the moisture content fluctuates 
littfe. It is likewise difficult to conceive how allowance for large 
variations in moisture content could compensate differences in the 
rate of either synthesis or translocation of constituents in the leaf 
dry matter. Even the method of determining diurnal changes in 
tissue components by computation of absolute amounts per individual 
leaf can not be considered reliable, because of the possible removal or 
alteration of compounds contemporaneously witn synthesis of the 
same. The latter factors might be compensated in part by including 
analyses of the other organs oi the plant with those of the leaf. When 
computed to the basis of fresh weight of tissue, the writers’ data of 
Table 6 show a corresponding increase of sugars in the afternoon. 
None of the relative diurnal values for other constituents are altered, 
except in the case of soluble protein, in which case the percentage 
is higher in the afternoon than in the morning on 9 of the 12 dates. 
As shown by their preceding statements, however, the writers do not 
consider this relation final proof of maximum synthesis of protein 
in daylight. In view of the limitations imposed upon separation of 
products of catabolism from those of anabolism, it seems necessary 
to consider simultaneous changes of composition in different organs 
of the plant. This situation greatly complicates the problem con- 
■ sidered here. The writers have attempted to deal with it in the 
pijec^iing survey of their results. 
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The results reported here give promise that it will be possible to 
determine the effects of specific climatic factors upon metabolism 
by means of chemical analysis of the plant tissue at frequent inter¬ 
vals, accumulating sufficient data to justify the computation of 
correlation coefficients. Perhaps conclusive results can be obtained 
in this way as surely as by the use of special equipment for the control 
of environmental factors, niore particularly of temperature, atmos¬ 
pheric humidity, and illumination. The capacity of this U-'pe of 
equipment for plant yields must remain cmite limited, except at 
exorbitant cost. Even when results have been tested under such 
artificial conditions, there remains the problem of determining to i 
what extent the effects discovered obtain under the climatic complex j 
to which field practice is subject. | 

i 

SUMMARY 

Results are presented for diurnal changes of chemical composition ! 
in leaf blades of the sugar mangold and sugar beet, and in the petiole i 
and root of the latter plant. I 

The percentage of reducing sugars in the leaf blade increases with 
solar radiation, within limits. Temperature seems to be a limiting 
factor in the increase of these sugars when its value approaches 30® C. 

The percentage of soluble protein in the leaf varies in a manner 
inversely related to temperature and therefore correlated with the 
fluctuation of reducing sugars. This constituent gave a correlation 
with temperature of —0.390 ±0.106 for periods of light and darkness 
combined. 

The foliar fluctuations of reducing sugars are distantly paralleled 
by the deposition of sucrose in the root, while relatively high tem¬ 
peratures increase the percentage of protein stored in this organ. 

The relations in the petiole are such as to suggest that a high 
plane of reducing sugars in the plant, together with the presence of 
nitrates, leads to tne formation of amino acids and rest-soluble 
nitrogen. 

These results explain practical observations that cool, fair weather, 
such as that common to the autumn season, is favorable to the stor¬ 
ing of high percentages of sugar in the root of the sugar beet. 
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DECOMPOSITION OF ORGANIC MATTER IN SOIL' 

By H. H, Hill 

Associate Chemist^ Virginia Agricultural Experiment Station 

INTRODUCTION 

The chemical and biological decomposition of organic matter 
in the form of green manure when incorporated with the soil is of 
fundamental importance in improving soil conditions and plant 
growth. Green manuring is an important means of restoring soil 
fertility, and is especially applicable to Virginia agriculture, as most 
of the soil types in Virginia are very deficient in organic matter. 
This subject is of great economic importance, and the writer believes 
that further investigation of the effects of green manures on soils is 
needed. 

Former work {3) ^ on this subject at the Virginia Agricultural 
Experiment Station has shown that when such crops as blue grass, 
soy beans, rye straw, and clover are incorporated with the soil 
their organic nitrogen rapidly passes over into nitrates, and that the 
bacterial flora of the soil is improved by such treatment. In addition 
to these facts it has been shown by experiment that plant growth 
has been materially stimulated by the addition of certain green 
materials to the soil. 

Another phase of green manuring that has received attention at this 
station is the so-called acidity resulting from the turning under of 
green crops. Results showed that the general belief among farmers 
that decomposing organic matter in the soil produced acid conditions 
which are injurious to the growth of crops was not warranted. There 
was a slight acidity in the early stages of growth, but the acidity 
resulting from the turning under of the very tender grasses was not 
permanent. The general tendency was toward the creation of an 
alkaline state rather than an acid one, and if proper consideration is 
given to fertilizer treatment which contains a place for lime it seems 
that no harm results from green manuring. 

The phase of the subject with which the subsequent experiments 
are concerned takes into consideration the stage of growth of the 
green manure crop in relation to its effectiveness when incorporated 
with the soil. 

Rve is a much used green-manure crop. This plant varies widely 
in cnemical composition between April 15 and June 15. Not only 
does the composition vary, but succulency diminishes as growth 
advances, and one would expect the rate of decomposition in the soil 
to be slower the nearer the crop is to maturity when turned under. 

In studying the chemical composition of green-manure crops 
through successive stages of their growth, it will be seen that as the 
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nitrogen of the plant diminishes the crude fiber increases, therefore 
one would expect the younger cuttings to contain the relatively 
greater amount of nitrogen and the lesser amount of crude fiber. As 
this gap between the nitrogen and crude fiber widens, there is reason 
to believe that the change will have its effect on the rate of decom¬ 
position when the green manure is turned into the soil. 

In former experiments {3) it has been proved that cellulose or 
woody fiber, in a pure state, decomposes very slowly in the soil. If 
green-manure crops may be likened to impure forms of cellulose, 
enriched by various substances, a study of the pure and impure forms 
should throw some light on the very important practice of green 
manuring. 

It is hoped that the results presented here will give some idea as to 
the best time to turn under green crops so that they will have the 
maximum value in replenishing the soil^s store of organic matter. 

REVIEW OF PREVIOUS INVESTIGATIONS 

It appears from the literature that scientific effort has been largely 
dhectea toward the chemical rather than the bacteriological side of 
the question. The bacterial life of the soil plays an important part 
in breaking up the complex organic compounds, in the formation of 
humus, and in the formation of nitrates so necessary for the plant^s 
development. 

The published work on green manuring has been of a very general 
nature, and very few investigators seem to have attempted to! 
establish the exact time at which green organic matter should be 
turned into the soil to give the greatest aid to the many complex 
activities of the soil flora. 

White {12) j experimenting with clover as a green manure, found 
that the younger the crop when turned under the more rapidly it 
decomposed. He also found that there was a stimulating effect on 
a later tomato crop. 

Hutchinson and Milligan (4) measured the decay of organic 
matter in the soil by the rate of nitrate accumulation. These in¬ 
vestigators observed that nitrification diminished with the age of the 
green manures applied. 

Baessler {2), investigating the value of paulines, serradeUa, crimson 
clover, and hairy vetch as gi'een manure plants, in humus sandy 
soils, advised turning imder as late as possible in the life of the 
plants, and not to turn under ha the hot summer when the plants 
are ^een. 

Pfeiffer (5, p. 13) ^ in his studies on the nitrogen assimilating 
bacteria, found that the open sandy soils gave the best results when 
green manures were applied. The same investigator and three of 
his associates (7, p. 733) noted a harmful effect when straw was 
used as a green-manure crop. 

Maynard (5), using the accumulation of nitrates as an indication 
of the rate of decomposition of sweet clover, found that the rate of 
decay of the sweet clover decreased as the plant became more mature. 

Merkle {6), investigating the decomposition of organic matter in 
soils, used as a measure of decay the formation of humus and the 
.evolution of carbon dioxide, and found that the more succulent the 
plant the more rapidly does it decay in the soil. 
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Starkey (10) found that the decomposition of organic matter in 
the soil was closely related to the evolved carbon dioxide, and that 
the evolution of this gas served as an index to the processes of de¬ 
composition. He experimented with cellulose, rye straw, alfalfa 
meal, fungous material, dried blood, and dextrose. 

Waksman and Heukelekian (11) found that the determination of 
the power of a soil to decompose cellulose can be added to the group 
of methods used for carrying out a microbiological analysis of a soil. 
They suggested certain methods to measure the cellulose-decompos¬ 
ing power of the soil, each method yielding information viewed from 
a different angle. 

Seelhorst (9) observed that when green manures are turned under 
in the fall more nitrogen is lost and less is found in the succeeding 
crop. This investigator found that the late turning under of green 
manure had many disadvantages, and in every case the nitrogen in 
the crop was greater with spring green manuring. 

Whiting and Schoonover (IS), in greenhouse and field experiments, 
compared the rate of decomposition of green and cured clover tops 
in soil, and found that the process of curing retarded the rate of 
decomposition, as measured by ammonification, nitrification, and 
loss of carbon. In commenting on the hypothetical reasons for the 
differences in rate of decomposition between green and cured clover, 
they say: 

In considering the greater initial rate of decomposition exhibited by the green 
clover as found by all methods used to study the decomposition, it did not appear 
iiiat there were any indications of purely chemical changes having occurred in 
the clover during dfehydration. Enzymic action as a factor in affecting the cell 
contents is not an impossibility, but the temperature at which the green clover 
was held during the dehydration of the lot with which it was compared, would 
exclude the possibility of much change in it, while the dehydration process with 
the other lot of clover would require the action of the synthetic enzymic processes 
to retard its rate of decomposition by stabilizing the nitrogen compounds. 

The explanation that seems to fit the results found is based on a physical 
hypothesis. The loss of water is of course accompanied with an increase in the 
concentration of salts in the cells. This brings about a hardening of the cell 
contents, and the whole material becomes more horny and shriveled. The 
diffusion of nitrogenous substances is stopped until hydration has been reestab¬ 
lished. The colloidal nature of the cell contents causes them to become hydrated 
slowly, after a previous dehydration. Apparently the time required to bring 
about the hydration in a normal soil is suflBciently long for the ammonifying 
bacteria to gain headway on the green material, and consequently to effect a 
much greater rate of decomposition than those acting on the dehydrated material. 

In a previous work (3) the effect of cellulose was studied with respect 
to nitrification in several leading types of Virginia soil originating 
from distinct geological formations. The results showed a depression 
of nitrate in every case, and in many instances the nitrate already 
present in the soil was used up. There was a decided diminution 
in plant growth, with a yellow appearance in all the plants grown in 
a cellulose-containing medium. The following work was carried 
out with the object of determining the effect of cellulose on the 
plant when the nitrogen supply was in a very soluble form. 

EFFECT OF CELLULOSE ON PLANT GROWTH IN THE PRESENCE 
OF NITROGEN IN A VERY SOLUBLE FORM 

The soil selected for this work represented a ty])ical Hagerstown 
silt loam, and came from an unfertilized plot that had been in corn 
for about eight years. The soil was practically exhausted as far 
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as nitrate nitrogen was concerned, for on analysis it showed only 
0.6 milligram of nitrogen in each 100 grams of soil. A soil containing 
such a small amount of this substance is an ideal medium for study 
when enriched with organic matter. The pots used were of the 
Wagner pattern, with side tubes, and of 12-kilogram capacity. 
Corn was the crop used as the indicator. 

In previous work on nitrate formation where green crops had been 
turned under, the calculations for the additions of cellulose were 
made on a 4-ton basis, or 35.5 grams per pot of 12-kilogram capacity. 
Taking these figures as a basis, the amount of cellulose was varied 
accordingl}^, beginning with an addition of cellulose representing 1 
ton and increasing the amount to about 28 tons per acre. 

In the first series of experiments the quantities of cellulose added 
to the soil varied, but no nitrate was added. The second series 
contained soils varying in cellulose, with the nitrate constant. A 
third series was run, varying both cellulose and nitrate. Wliere 
the nitrate was constant, one-hundredth of 1 per cent of potassium 
nitrate was added to the mixtures. 


Table 1. —Effect of cellulose on the growth of corn in pots, varying amounts of 
cellulose being added to Hagerstown silt loam soil but without the addition of 
any fertilizer m.aterials 


Pot No. 

Cellulose 

applied 

Weight of plants 
produced 

Pot No. 

Cellulose 

applied 

Weight of plants 
produced 


Green 

Dry 


Green 

Dry 

1. 

Gm. 

8,87 

Gm. 

210.0 

Gm. 

52.3 

6. 

Gm. 
142.00 

Gm. 

4.6 

Gm, 

1.9 


17. 75 

150. 4 

30.5 


177.50 

5.3 

1.5 

2.5 

3. 

35. 50 

102.8 

16.7 

8. 

213.00 

13.1 

4. 

71.00 

162. 9 ' 

25.8 

9. 

248.50 

2.7 

1.4 

s:::::::.:.:.:. 

106.50 

23.7 

5.2 



It will be seen from Table 1 that apparently no marked injurious 
effect was shown by the addition of cellulose to the soil until quantities 
exceeding 71 grams (or the equivalent of 8 tons of organic matter 
per acre) had been reached. Above this amount the growth of the 
plants was restricted to a marked degree. In pot 9, receiving 248.50 
grams of organic matter, plant growth almost stopped. 


Table 2. —Effect of cellulose and potassium nitrate on the growth of corn in pots, 
varying amounts of cellulose and a constant amount of potassium nitrate being 
added to Hagerstown silt loam 


Pot No. 

Treatment 

Weight of plants 
produced 

Pot No. 

Treatment 

Weight of plants 
produced 

Cellulose 
applied 
to each 
pot 

Potas¬ 
sium 
nitrate 
applied 
to each 
pot 

Green 

Dry 

Cellulose 
applied 
to each 
pot 

i Potas¬ 
sium 
nitrate 
applied 
to each 
pot 

Green 

Dry 

10. 

Gm. 

8.87 
17.75 
35.50 
71.00 
106.50 

Per ctni 
0.01 
.01 
.01 
.01 
.01 

Gm. 
250.7 
142.4 
86.4 
27. Z 
7.7 

Gm. 

49.9 

21.2 

15.0 

3.4 

1.4 

15 

Gm. 
142.00 
177. 50 
213. 00 
248. 50 

Pet cent 
0.01 
.01 
.01 
.01 

Gm. 

2.3 

3.0 

3.6 

5.8 

Gm. 

1.0 

1.0 

1.3 

2.3 

11. 

16. 

12.. 

17 - --- 

13. 

18 

14. 
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A constant quantity of nitrate failed to counteract the injurious 
effects of increasing quantities of cellulose added to the soil. The 
results in Table 2 duplicate those shown in Table 1 fairly closely. 
There is a gradual restriction of plant growth in all pots above the 
S-ton-per-acre application, and the addition of 0.01 per cent potas¬ 
sium nitrate failed to counteract the depressing effect of the cellulose. 


Table 3. —Effect of cellulose and potassium nitrate on the growth of corn in pots, 
varying amounts of cellulose and potassium nitrate being added to Hagerstown 
silt loam 


Pot No. 

i 

Treatment 

Weight of plants 
produced 

_ 

Pot No. 

Treatment 

Weight of plants 
produced 

Cellulose 
applied 
to each 
pot 

Potas- 1 
Siam I 
nitrate i 
applied ! 
to each I 
pot 

i 

Green 

Dry 

Cellulose 
applied 
to each 
pot 

Potas¬ 
sium 
nitrate 
applied 
to each 
pot 

Green 

Dry 


Gm. 

i 

Percent 1 

Gm. 

Gm. 


Gm. 

Per cent 

Gm. 

Gm. 

19_..... 

8.87 

0.001 1 

341.3 

42.8 

25. .. 

177.50 

0.100 

143.3 

17.5 

20. 

17. 75 

1 .003 i 

366.1 1 

38.5 

26---. 

1 213.00 I 

i .300 

13.1 

3.1 

21.! 

35.50 

' .008 j 

256.2 i 

37.7 

27. 

248. 50 i 

.500 

7.6 

2.7 

22 

71.00 

.009 1 

330.0 

33.5 

28 -- 

Check. ! 


283.2 

68. 6 

23. i 

106. 50 

. 010 i 

363.0 ! 

37.0 

29. 

Check. : 


265.5 

63.8 

24.i 

i 

142.00 

.050 i 

1 

295.3 ' 

i 

33.5 


i 


i 



Varying the quantity of nitrate had very little effect on plant 
growtli in the above series, except that the stimulating effect of the 
nitrate was carried a little further than in the former experiments. 
Plant growth in the former studies was diminished after 8 tons per 
acre of the organic matter had been added, but increasing the amount 
of nitrate tended to increase plant growth slightly beyond this stage. 

, It is evident that keeping such apparently inert material as cellulose 
at about 1 ton per acre, and increasing the quantity of nitrate, will 
eliminate many of the ill effects of this substance. It is apparent in 
applying these results to substances containing a wide nitrogen- 
carbon ratio, such as mature rye and wheat straw, that additions of 
nitrate will hasten their decomposition and availability to the plant. 

A striking fact is shown in Table 3 concerning the weight of the 
plants. Regardless of the quantities of potassium nitrate added 
(either the same or smaller or greater than in the preceding experi¬ 
ments) the "weight of the plants was uniformly greater in this series 
than in the other scries for corresponding quantities of cellulose 
applied, except for one green weight and one dry weight. All of the 
plants were cut at the same time and had reached the same stage of 
maturity, but the succulency of the crop grown in this experiment 
(even that part receiving very little nitrate) was greater than in the 
preceding experiments. This is a very desirable quality in certain 
crops, especially crops to be turned under as green manures, as 
subsequent experiments will tend to show that there is a definite 
stage of growth of green-manure crops which is associated with 
maximum decomposition, taking into account their chemical compo¬ 
sition with reference to nitrogen. 

In the above experiment the vigor and health of the plants were 
much improved over the series which had no nitrate and those receiv¬ 
ing the nitrate in constant amount. 

103394—26-6 
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EFFECT OF CELLULOSE ON PLANTS GROWN IN A NUTRIENT 

SOLUTION 

The foregoing experiments have shovTi that there is a dinunution 
in growth and vigor of plants when the amount of the soil-incor¬ 
porated cellulose is increased, and that the ill effect is. proportional 
to the amount of cellulose added. The addition of potassium nitrate 
in varying quantities has had little effect in diminishing the effect of 
cellulose beyond a 4-ton application of the same. 

xA series of experiments was run to further study this c^uestioUj 
cellulose being added to a nutrient solution. This medium was re¬ 
placed by a fresh solution of the same composition from time to 
time in some cases, but in others the solution was not renewed and 
the effect on plant growth was noted. 

The nutrient solution selected (Crone’s) was of the following com¬ 
position: Water 1,000 c. c.; potassium nitrate 1 gm.; iron phosphate 
(ferric) 0.5 gm.; calcium sulphate 0.25 gm.; magnesium sulphate 
0.25 gm. It was prepared in 20-liter quantities. 

I^arge stoneware vessels were used for growing the plants, and 
35.5 gm. of cellulose was used to 3,000 c. c. of nutrient solution. 

As a preliminary study four pots were used, two as checks, in which 
the nutrient solution was renewed three times each vreek, and two 
to which the equivalent of 4 tons of cellulose per acre had been applied 
and* the nutrient solution renewed as in the case of the check pots. 
Figure 1 shows the effect of the treatments on the plants and then 
root systems. 

Where the cellulose was eliminated the plants were healthy and 
vigorous and had a rich gi'een color. With the cellulose-treated pots 
the plants were stunted in gi'owth and had a very yellow, unhealthy 
appearance, even though the nutrient solution was replenished three 
times a week. The root systems of the plants receiving no cellulose 
were healthy and very white and clean, while those of the cellulose- 
treated pots were dark and gave off a slight odor of hydrogen sul¬ 
phide. The dry weight of the plants from the check pots averaged 
28.7 gm., while the average for the cellulose pots was 4.6 gm. The 
checks tnerefore contained more than six times the dry matter as 
was obtained from the cellulose-treated pots. Nitrogen determina¬ 
tions on these crops were not made, but former experiments {S) have 
showm a corresponding decrease in nitrogen for plants grown in soils 
that had been treated with cellulose. These experiments indicate 
that cellulose restidcts plant growth, even though the medium in 
which the plant is grown is a well-balanced one in every particular. 

As a continuation of this study the following series were run, the 
same nutrient solution bein§ allowed to remain for the whole period 
in two instances, and it being changed at regular intervals in the 
others. The plan was as follows: 


Pot 

No. 

Nutrient solution 

Treatment 

Crop re¬ 
sults, 
dry- 
weight 
basis 

211 

No cellulose. 

Renew nutrient solution once each week_____ 

Gm. 

43.6 

210 

.do. 

No renewal of nutrient solution. 

18.4 


Cellulose. 

Renew nutrient solution twice each week. .. 

10.7 

15 ' 

.do... 

Renew nutrient solution once each week. 

8.6 

16 

_,do.. 

No renewal of nutrient solution ....... 

2.7 
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In the pots that did not receive the cellulose treatment the plants 
were vigorous and healthy ffig. 2, A). Changing the solution once 
each week gave an increase in plant growth amounting to 25.2 gm., 
dry- weight. 

When celluslose was added the plants were poor and the root 
system veiy much discolored (fig. 2, B). With pot 8, in which the 



solution, B. Root syste^ of the same plants 


nutrient solution was renewed twice a week, there was a slight gain 
over pot 15, which had the nutrient solution renewed only once each 
week. Growth was very poor in pot 16, where there was no renewal 
of the nutrient medium. 

There was a copious evolution of hydrogen sulphide in all of the 
cellulose pots after about four weeks. There was a sufficient quan¬ 
tity of this gas present to give a test with lead acetate. This evolu- 
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tion of hydrogen sulphide was probabl}^ caused by the action of the 
decomposing organic matter on the sulphates of calcium and magnes¬ 
ium present in the nutrient solution. Diminished growth results. 

Apparently the ill effects produced by cellulose were as marked in 
the nutrient solution as when the plants were grown in soil with the 
same additions of cellulose. 



Fig. 2.—a. Showing the effect of cellulose on the growth of corn in pots, when the nutrient so¬ 
lution was renewed at different times. B Boot systems of the same plants 

Plants contain varying amounts of cellulose, depending more or 
less upon the other constituents present. In other words, the crude 
fiber contained in plants may be regarded as a more or less impure 
form of cellulose, and it is believed that the greater the amount of 
cellulose contained in the plant the slower wifl be its decomposition 
when incorporated with tJtie soil. For instance^ it is thou^t that 
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young rye cut about April 15 is more readily decomposed in the soil 
than rye cut on or about June 1, assuming that both were planted 
at the same time. 

Former observations have shown that rye has a very peculiar effect 
on soil of certain types, there seeming to be a tendency toward 
restriction of plant growth; however, it is thought that if rye is cut 
at a certain stage of development some of the objectionable effects 
may be eliminated. 

As a preliminary study of this question the following experiments 
were undertaken. Large wooden tubs, holding about 75 pounds of 
soil, were arranged for proper drainage and were kept out of doors. 
Crimson clover was added to soil and sand at the rate of 5 tons per 
acre. A typical Hagerstown silt loam from Blacksburg was used in 
the experiment. Corn was the indicator crop. The average results 
over a period of three years are given in Table 4. 

Table 4. —Effect of crimson clover on the growth of corn in tubs when added to 

Hagerstown silt loam 


Pot 

No. 

Soil type 

Treatment 

Dry weight 
of plants 
produced 

356 

Sand_ 

Control_ 

crtn. 

38.2 

367 i 

_do... 

.do. 

1 38.7 

358 

.do. 

pound crimson clover..... 

! 56.4 

359 

.do..-.. 

_do.. 

1 70.6 

360 

Hagerstown silt loam soil_ 

Control_ 

61.6 

361 1 

_do_____ 

_do-_-.... 

66.4 

362 

_do_ 

14 pound crimson clover_-. 

87.9 

363 

_do_ 

.*_do.-.. 

87.0 




The results in Table 4 show that crimson clover has a marked 
.effect on plant growth when turned under in the soil. Even with 
such inert material as sand the green manure increased plant growth,. 
although the increase over a 3-year period was not so great as with 
the sou. With sand, there was very little effect the mst year, but 
during the second and third years the effect was very marked. These 
results were obtained by using one of the best green-manure crops 
studied both in the greenhouse and in the field. The effect of rye on 
plant growth is probably not so good, as it is a nonlegume that gives 
various results, depending upon a number of factors, one of which is 
soil type, and therefore the following experiments were carried out 
on four of the leading Virginia soil types. These experiments were 
conducted in the same way as the preceding ones. (Table 5.) 

The results of the experiments shown in Table 5 indicate that rye 
produced no marked effect in increasing plant growth. On tne 
heavy clay soils of Albemarle and Appomattox there was a depres¬ 
sion in plant growth. With the lighter soils of Norfolk and Blacks¬ 
burg slight gains were observed from the turning under of rye. ^ These 
experiments were planned as a check on a series of field experiments 
begun in 1912. 


A 
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Table 5. —Efect of green rye on different types of Virginia soil 


Plot 

No. 

Soil type 

Treatment 

Dry 

weight 

(grains) 

3-year 

average 

29S 

Albemarle...... 

Control.. 

254.7 

299 

_do..... 

_do..... 

202. 2 

300 

.do..-_....... 

1 pound green rve.... 

220.5 

301 

_do... 

~.... 

197.6 

302 

Appomattox Light... 

Control____ 

226.8 

303 

_do__ _ __ - - -- _ 

„_do ..- -... 

242.7 

304 

.do--_.. 

1 pound green rye.. 

205.7 

305 

.do..... 

.do...-. 

182.3 

306 

Blacksburg.... 

Control.... 

250.0 

307 

_do______ 

_do . 

233.5 

308 

.do.... 

1 pound gi'eeii rve... 

286.7 

309 

.do... 

_do..1. 

348.5 

310 

Norfolk.. 

Control..-. 

247.7 

311 

_do_ _ -- _ 

... do... 

213.6 

312 

_do.... . 

1 pound green rye___ 

253.0 

313 

.do.... 

_do ___ 

272.3 




In the field work, 10 tenth-acre plots made np the series, 5 in corn 
and 5 in wheat. The green manures used were clover, rye, soy 
beans, and buckwheat. Results over a period of 12 3 "ears have been 
obtained with coi*n. The wheat was harvested on alternate years, 
and yields for six years are available. Tables 6 and 7 give the treat¬ 
ment, gain or loss in nitrogen, and the vields over the period 1912- 
1923: 


Table 6. —Yields of corn, in bushels per acre, for years, under different methods of 
green manuring; and the effect of this treatment on the total nitrogen of the soil 


Plot 

Treatment 

Per cent nitrogen 

Yield, 

12-year 

average 

No. 

i 

1912 

1923 

1 

Clover cut for hay. ........ 

0.114 

0.119 

36.18 

2 

Clover turned under.. _ ___ 

. 118 

,125 

37.48 

3 

Cheek._ ..- __ .. _ 

.076 

.064 

13.24 

4 

Rye cut for hav_____ 

. 144 

.090 

17.25 

5 

Rye turned under....... 

.112 

-111 

8.95 




Table 7. —Yields of wheat, in bushels per acre, for 6 years, under different methods of 
green manuring; and the effect of this treatment on the total nitrogeii of the soil 


Plot 

Treatment 

Per cent nitrogen 

Yield, 

6-year 

average 

No. 

1912 

1923 

1 

Soy beans cut for bay______ 

0.102 

0.079 

21.09 

2 

Soy beans turned under______ 

.074 

.123 

26.02 

3 

Cheek........ 

.074 

.089- 

16.09 

4 

Buc^heat cut for hay___ 

.090 

.091 

12.94 

5 

Buckwheat turned under.... 

.098 

.123 

17.42 





The data in Tables 6 and 7 show that with the possible exception 
of rye, the green manures have increased the yields of corn and wheat, 
and at the same time increased the total amount of nitrogen in the 
soil after giving up that necessary for the production of the crop. 
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Rye in the field and in greenhouse experiments has exerted a more or 
less harmful effect on plant growth, with corn as the indicator. This 
ill effect is apparently more or less temporary, and is probably due 
to the changes in the first stages of decomposition. 

Clover showed a marked beneficial effect on the yield of corn 
and on the nitrogen reserve of the soil. The physical benefit derived 
from the turning under of this form of organic matter is very pro¬ 
nounced. 

Rye did not increase the nitrogen reserve on plots 4 and 5, and when 
turned under it depressed the yield. The corn on the check and rye 
plots had a very yellow appearance, and gave every indication of 
nitrogen deficiency. 

With wheat, green manures gave increases in all cases. This was 
very marked where soy beans were turned under. The soy-bean 
stubble did not increase the reserve nitrogen in the soil. The greatest 
increases in nitrogen were shown where soy beans and buckwheat 
were turned under, the soy beans giving 980 pounds of nitrogen per 
acre-foot and the buckwheat 500 pounds. 

Lime was not included in the fertilization plan of these experiments, 
and a substantial addition of it to these plots is planned. It is 
believed that lime may counteract some of the injurious effects 
resulting from the incorporation of green rye with the sod. Recent 
laboratory results indicate that green rye does not nitrify as readily 
in the green state, but this same rye, when air-dried, gives increased 
initial nitrification when mixed with the soil. Several kinds of crops 
used as green manures exhibit this peculiarity. When green manures 
fresh from the field are mixed with the soil and kept at a definite 
temperature and with an optimum water content, an initial am- 
moniacal decomposition results. It may be that this rapid ammoni- 
acal evolution causes the depressing effects often noticed when green 
manures are first turned under. 

DECOMPOSITION OF GREEN MANURES IN THE SOIL, AS 
MEASURED BY CARBON DIOXIDE EVOLUTION 

Analyses made over a period of three years of green manure crops 
cut and turned under at different periods of development have shown 
that such crops as rye, oats, clover, and vetch vary materially in 
composition and in their effects when incorporated with the soil. 

At just what period of growth these crops should be turned under 
to furnish the most desirable form of organic matter is yet to be 
determined. An elaborate series of plots (80) has been under study 
at this station for some time, and the results so far obtained indicate 
that the younger and more succulent plants contain much more 
nitrogen and less crude fiber, or cellulose, than the more mature 
plants. The young, succulent plants decompose more rapidly in 
the soil than crops cut at a more mature stage. 

AU of the above points indicate that there is an intimate relation¬ 
ship between total carbon and the nitrogen of plants, and that the 
carbon and nitrogen exert a material effect on decomposition and con¬ 
sequently on the rate of carbon dioxide evolution. That^ the ratio 
of these two substances is to be taken into account has been indicated. 
Bearing these points in mind the following experiments were planned. 

Rye, oats, clover, and vetch cut on May 17 when the plants were 
succulent, vigorous, and healthy, were selected as the forms of organic 
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matter to be studied. Cellulose in the form of filter paper was 
included in the series. 

The plants were cut and taken to the laboratory, and the moisture 
was determined immediately. In every instance the eciuivalent of 
0.5 gm. of the material was used, due allowance being made for the 
water content. The green materials were added to the equivalent 
of 100 gm. of dr}^ Hagerstown loam soil, and water was added to 
bring the soils to optimum moisture content. The cellulose was 
added in like amount. 

The soil and organic matter were placed in 500 c. c. Erlenmeyer 
flasks, and kept in the incubator at 25° C. The carbon dioxide was 
determined at daily intervals, due consideration being given to the 
proper flow and puiification of the air passing over the mixture of 
soil and organic matter. 

As a basis for future calculations of the rate of carbon dioxide 
evolution, and the ratio existing between the nitrogen and carbon 
of the organic matter, the amounts of total nitrogen and total carbon 
were determined. The methods of the Association of Official Agri¬ 
cultural Chemists were used (f). These data are shown in Table 8. 


Table 8 .— Nitrogen and carbon in organic matter 


Substance, and date of cutting 

Per cent 
nitrogen 

Per cent 
carbon 

Nitrogen- 
carbon ratio 

Cellulose.....-_____ 


44.44 


Eye, May 17,1924... 

1.31 

38.29 

1 to 29.23 

Oats, May 17,1924..... 

1.27 

38.29 

1 to 30.16 

Clover, May 17,1924 ... 

3.05 

38.83 

1 to 12.73 

Vetch, May 17,1924... 

3.98 

38.92 

Ito 9.78 



The results given in Table 8 show that the nonlegumes contain 
much less nitrogen than the legumes, although the materials contained 
what might be regarded as the maximum amount of nitrogen for each 
plant at this period of its development. Eye cut at maturity (about 
June 15 for this locality) contains less than 1 per cent of nitrogen as 
has been indicated by previous work on the composition of this plant. 
The same is true of oats. There is a much wider ratio between the 
nitrogen and carbon of the nonlegumes than of the legumes; therefore 
one would expect a more rapid decomposition of the latter form of 
organic matter when mixed with the soil. Table 9 contains data 
• bearing on this point. 

In Table 9 no results are given for the soil blanks. These checks 
ran between 50 and 70 mg. of carbon dioxide for the 10-day period, 
and in every case the proper deduction was made, therefore the figures 
given above represent the entire amount of carbon dioxide evolved 
from the organic matter added in the form of green manure. 

The ceUulose-treated soil, where no nitrogen was present except 
that already present in the soil showed the lowest rate of decompo¬ 
sition, only 42.6 mg. of carbon dioxide having been liberated over a 
10-day period. For the first three days of the experiment there was 
practically no decomposition going on. The maximum liberation of 
carbon dioxide was reached on the fourth day. Decomposition after 
that day was more or less uniform for the remainder of the experi¬ 
mental period. 
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Table 9. —Decomposition of fresh green materials 


Daily Evolution of Carbon Dioxide (Milligrams) 


Substance 

First 

day 

Second 

day 

Third 

day 

Fourth 

day 

Fifth 

day 

Sixth 

day 

Sev¬ 

enth 

day 

Eighth 
day ; 

Ninth 

day 

Tenth 

day 

Total 

Cellulose--. 

0.8 

1.1 

1.0 

6.7 

6.0 

5.9 

6.0 

6.3 

5.0 

4.8 

42.6 

Rye. 

29.9 

29.3 

34.7 

57.2 

46.8 i 

24.9 

22.1 

20.0 

18.3 

17.8 

301.0 

Oats. 

30.5 

28.4 

42.7 

45.5 

30.6 

28.3 

25.1 

24.0 

23.2 

20.7 

299.0 

Clover. 

41.7 

25.9 

34.8 

43.9 

32.5 

32.9 

30.0 

25.1 

22.3 

21.0 

310.7 

Vetch. 

40.4 

49.5 

05.4 

72.0 I 

35.1 

39.6 

27.4 1 

26.1 

25.0 

22.1 

408.0 


Daily Decomposition (Per Cent) 


Cellulose--- 

0.98 

0.23 

0.36 

1.18 

1.91 

2.64 

3.37 

4.02 

4.64 

5.22 

Rye. 

4.26 

8.43 

13.37 

21.51 

28.17 

31.72 

34.86 

37.71 

40.31 

42.84 

Oats. 

4.34 

a 38 

14.46 

20.94 

25.30 

29.32 

32.90 

36.32 

39.62 

42.56 

Clover. 

5.85 ' 

9.49 

14.37 

20.53 

25.09 

29.71 

33.92 

37.45 

40.58 

43.60 

Vetch. 

6.50 

13.43 

22.59 

32.68 

37.59 

43.14 

46.97 

50.63 

54.13 

57.23 


Eye and oats exliibited about the same rate of decomposition. 
Tlxe total for the rye was 301 mg. and for the oats 299 mg. How¬ 
ever, there was a slightly greater liberation of carbon dioxide from 
rye than from oats, as the rye contained slightly more initial nitrogen 
than the oats. Rye and oats showed a much wider nitrogen-carbon 
ratio than clover and vetch. Rye and oats reached their maximum 
decomposition stage on the fourth day, with 57.2 and 45.5 mg. of 
carbon dioxide, respectively. 

Clover and vetcn showed greater carbon-dioxide evolution than 
rye and oats. Vetch gave on much more carbon dioxide than did 
clover. The maximum decomposition of both clover and vetch was 
reached on the fourth day. The initial nitrogen in the vetch was 
0.93 per cent greater than that in the clover. 

With the exception of cellulose, the decomposition of the several 
forms of organic matter was fairly rapid. The materials used were 

S round very fine, and all other conditions were favorable to rapid 
ecomposition, probably much more so than would be experienced 
in the field; but there is every reason to believe that there would be 
almost as much if not more decomposition under field conditions, 
as the organic matter would be subjected to a much greater aeration 
and also to other atmospheric effects which can not be duplicated 
under artificial conditions. It- would therefore appear that these 
experiments show carbon dioxide liberation closely approaching 
ordinary field conditions. Observations on clover added to soil 
in lysimeter rims have shown this material to be entirely converted 
into humus after a duration of about eight months. 

Taking these results as a whole, the different forms of org^c 
matter cut about May 17 give a fairly equal ^degree of decomposition, 
with the exception of vetch. Rye, oats, and clover released more than 
40 per cent of their carbon dioxide during a 10-day period; with vetch, 
57.23 per cent of the total carbon dioxide was evolved. 

After the carbon dioxide had been determined in the samples, 
the mixtures were examined to determine the nature of the fermenta¬ 
tion. All of the mixtures, with the exception of the imtreated soil, 
gave a very pungent putrefactive odor, and there were evidences 
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of a strong ammoniacal fermentation. There was no germination 
of weed seed in any of the flasks, except the check to which no organic 
matter had been added, and in this flask the growth was exceptionally 
abundant. 

Nitrate nitrogen determinations were made of the mixtures. 
The soil gave 2 mgs. of nitrogen as nitrate, and in all of the flasks 
to which organic matter had been applied not the slightest trace of 
nitrate nitrogen was found. 

EFFECT OF AIR DRYING ON THE DECOMPOSITION OF GREEN 

MANURES 

When the green manures were prepared for the preceding experi¬ 
ments, a certain portion was allowed to dry in air for subsequent 
study. 

It'^has been thought for some time that there was a difference in 
the rate of carbon dioxide liberation in green organic matter as 
compared to the liberation from the same material after it had been 
thoroughly air dried. 

In order to see just what effect air drying has upon green organic 
matter, a series of flasks was prepared duplicating the former experi¬ 
ments, using air-dried samples of rye, oats, clover, and vetch. The 
cellulose results of the former experiments were included for compari¬ 
son. In all cases blanks with soil alone have been deducted from the 
daily evolution of carbon dioxide. The results are given in Table 10. 

Table 10. — Decomposition of materials after air-drying 


D.A.ILY Peoduction OF Caebon Dioxide (Milligeams) 


Substance 

First 

day 

Second 

day 

third 

day 

Fourth 

day 

Fifth 

day 

Sixth 

day 

Seventh 

day 

Eighth 

day 

Ninth 

day 

Tenth 

day 

Total 

Cellulose... 

0.8 

1.1 

1.0 ' 

6.7 

6.0 

5.9 

6.0 

5.3 

5.0 

4.8 

42.6 

Bye. 

34.2 

46.2 

20.2 

30.3 

17.5 

9.3 

11.6 

4.3 

8.0 

6.1 

187.7 

Oats_ 

33.2 

65.1 

28.3 

32.8 

25.6 

11.5 

18.0 

7.9 

11.0 

8.7 

242.1 

Clover. 

47.2 

51.6 

50.4 

40.7 

30.8 

21.1 

18.3 

12.6 

10.1 

8.2 

291.0 

Vetch.! 

39.9 

63.9 

43.0 

64.4 

35.9 

17.0 

20.8 

12.3 

8.1 

7.0 

312.3 


Daily Decomposition (Per Cent) 


Cellulose-.- 

0.98 

0.23 

0.36 

1.18 

1.91 

2.64 

3.37 

4.02 

4.64 

5.22 


Rye..,. 

4.87 

11.44 

14.32 

18, 63 

21.12 

22.45 

24.10 

24.71 

25. 85 

26.72 


Oats. 

4.73 

13.99 

18.02 

22.69 

26.33 

27.97 

30.53 

31.66 

33.22 

34.46 


Clover_ 

6.62 

13.87 

20.94 

26,65 

30.98 

33.94 

36.51 

38.27 

1 39.69 

40.84 


Vetch. 

5.59 

14,54 

20. 56 

27.08 

32.09 

34.47 

37.39 

39.10 

40.24 

41.22 



The results in Table 10 show that in every case air drying restricted 
the liberation of carbon dixoide as compared with the liberation 
from the materials fresh.from the field. The loss in milligrams for 
the different treatments over a 10-day period, as compared with the 
green additions, was as follows: Rye 113.3; oats 56.9; clover 19.7; 
and vetch 96.3. Each form of organic matter, except vetch, reached 
its maximum stage of decomposition on the second day of the experi¬ 
ment. Air drying appeared to affect all treatments materiallv.^ 
This was especially noticeable with the legumes clover and vetch. 
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The fermentation of the mixtures was of a very different nature 
from that observed in mixtures of the green organic matter. There 
was no foul putrefactive odor, and all of the soil treatments were 
sweet and mellow. In every flask there was an abimdant germina¬ 
tion of weed seed. This was first observed on the fourth day, and the 
plants appeared to thrive as the experiment continued. 

A chemical examination for nitrates showed their presence in 
every case, and a quantitative determination gave the following 
results in milligi*ams per 100 grams of dry soil: Soil 2; rye 0.3; oats 
0.3; clover 1.35; vetch 1. There was a reduction of nitrates when 
compared with the soil which had received no organic matter. This 
kfss of nitrates was in all probability due to the organism oi the soils 
making use of it as food and as plant food supporting the young 
plantlets present in the soil. 

In accounting for the difference im carbon dioxide liberation 
between the green and air-dried organic matter, it is thought that cer¬ 
tain sugars may have been affected. There is strong probability that 
the more soluble carboh^^drates which would serve directly as nutri¬ 
ents for the biological life necessary to proper decomposition had 
been changed. The changes in these bodies may have restricted 
the evolution of carbon dioxide. 

In drying the plants it is also possible that the soluble hemicelluloses 
and other polys^charides were changed into less soluble forms lead¬ 
ing to the development of cellulose or wood fiber. 

In an effort to substantiate the above hypotheses, it is planned 
to study these changes in subsequent experiments, by comparing the 
analyses of organic matter commonly used as green manures. The 
green, air-dried, and oven-dried substances will be studied to see if 
there are changes in the nitrogen-free extract and crude fiber. The 
different forms of green manure will be extracted with water and alco¬ 
hol, and the extracts hydrolized with dilute hydrochloric acid, and 
the resulting invert sugars determined. It is believed that such a 
method of attack may throw some light on the changes brought 
about as the result of enzymic action or by the process of drying 
plant substances. 

This work may show why a diminution in the liberation of carbon 
dioxide was obtained when air-dried forms of organic matter were 
allowed to decompose in the soil. In addition to these points, some 
light may be thrown on the subject of green manures being regarded 
by some as less eflleient when turned under in an overripe condition. 

EFFECT OF DATE OF GUTTING GREEN MANURES ON THEIR 
DECOMPOSITION IN THE SOIL 

In the field work on green manures at this station, five cutting 
dates have been selected—^April 15, May 1, May 15, June 1, June 
15. Samples are not always obtainable on these exact dates, on 
account of the season, but cuttings made at times approximating 
these periods have been obtained since the beginning of the experi¬ 
ments- Table 11 shows the stage of development at which the 
crops were cut. 
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Table 11. — Stage of development of green-manure crops 


Crop 

' Date of 
' cutting 

1 Stage of development 

i 

Winter rye... 

Do.-.-. 

Do..... 

Do.-. .. 

Do.....—. 

Winter oats..... 

! Apr. 15 
; May 1 

I May 15 

1 June 1 

1 June 15 
’ Apr. 15 
May 1 
May 15 
June 1 

6 to 8 inches high; beginning to joint. 

' 12 inches high and well jointed. 

! Beginning to head. 

! Milk stage. 

Nearly mature. 

4 to 6 inches high; beginning to joint. 

5 to 10 inches high, and well jointed. 

Do.......-.- 

Do..... 

Beginning to head. 

[ Milk stage. 

Mature. 

Do.-.-... 

Do_____ 

1 June 15 

Crimson elov^er___ _ _ 

Apr. 15 

1 4 to 6 inches high. 

12 inches high. 

Clover in bloom. 

Do.-. 

May 1 
May 15 
June 1 

Do. 

Do.-...-. 

1 Blossoms beginning to die. 

Clover dead ripe. 

8 to 10 inches high. 

Do. 

June 15 

Winter vetch—...... 

Apr. 15 
May 1 
May 15 
June 1 

Do___ _ 

i 15 to 18 inches high. 

Beginning to bloom. 

: Vetch in full bloom. 

Do...- 

Do. 

Do. 

June 15 

[ Setting seed. 



The stage of development of the crops varied with the season, 
but the notes given in Table 11 will hold good on an average. 

By means of crop yields and other studies, an effort is being made 
to determine the exact stage of development at which green-manure 
crops should be turned under to give the best results. For this work 
cuttings from rye, oats, clover, and vetch have been selected in 
order that their rate of decomposition might be determined. 

Table 12 shows the percentages of nitrogen and carbon in the 
several forms of organic matter used in the carbon dioxide evolution 
experiments. 

Table 12 .—Percentages of nitrogen and carbon in the green-manure crops, and the 
calculated nitrogen-carbon ratios 


Date of cutting of crop 

Nitrogen 

1 

Carbon i 

Nitrogen- 

carbon 

ratio 

Winter rye: 

May 14_ 

Per cent 
1.21 

Per cent 
34.95 

1 to 28.88 

May 21. 

1.03 

35.23 

1 to 34.20 

May 28.-. 

.66 

37.94 

1 to 57.48 

June 4_ 

.81 

39.27 

1 to 48.48 

June 18_ 

.67 

38.59 

1 to 57.60 

Winter oats: 

May 14___ 

1.77 

37.21 

1 to 21.02 

May 21_ _ 

2.04 

38.77 

1 to 19.00 
1 to 27.25 

May 28. 

1.44 

39.24 

June 4_-_ 

1.46 

39.26 

1 to 26.89 

June 18_ 

1.31 

38.90 

1 to 29.69 

Crimson clover: 

May 14_ 

3.09 

36.80 

1 to 11.91 

May 21. 

2.51 

43.13 : 

1 to 17.18 

May 28.. 

1.79 

38.33 ! 

1 to 21.41 

June 4_-_____ 

2.12 

36.52 

1 to 17.23 
1 to 19.62 

June 18___ 

1.98 

38.84 ! 

Winter vetch: 

May 14___ 

4.36 

1 

36.37 

1 to 8.34 

May 21_____ 

4.46 

34.54 

1 to 7.74 

May 28.. 

3.70 

37.60 

I to 10.16 

June 4_ 

1 2.72 

38.89 

1 to 14,30 

June 18__ 

3.72 

i 

39.01 

1 to 10.49 



Table 12 shows that in general the younger cuttings of the crops 
used as green manures contained the greater percentages of nitrogen. 
Rye dropped materially in nitrogen composition after May 21, and 
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showed less than 1 per cent after that time. There was a gradual 
widening of the nitrogen-carbon ratios, and one would expect the 
rate of decomposition in the soil to be retarded as the crop approaches 
maturity. With oats, the first two cuttings gave the higher yields of 
total nitrogen, but after May 21 the nitrogen was fairly uniform. 
At maturity the oat crop contained less nitrogen than at any other 
stage. The legumes clover and vetch gave higher yields of nitrogen on 
the :^t two cutting dates. Total nitrogen throughout the five periods 
was much higher with vetch than clover, and consequently the 
ifitrogen-carbon ratio was much narrower. With such a condition 
present, the vetch would be expected to decompose much more 
rapidly in the soil than the clover and thus give off more carbon 
dioxide. 

Table 13 shows that the greatest total decomposition of rye was 
on the first cutting date. Rye cut June 18 contained about half the 
relative amount of nitrogen as that cut May 14. While the amount 
of nitrogen contained in the green manure undoubtedly has a relation 
to the rapidity of decomposition, the rate of disappearance may not 
be entirely dependent on the percentage of nitrogen. For instance, 
the decomposition of the crop cut on May 28 which contained 0.66 
per cent nitrogen gave the same amount of carbon dioxide as the 
cutting of May 21, which contained 1.03 per cent nitrogen. On the 
next cutting date the amount of nitrogen was found to be 0.81 per 
cent, with a corresponding rise of 16.1 milligrams of carbon dioxide 
for the period of the experiment. 

Taking the results as a whole, it appears that the greatest rate of 
decomposition is on or about May 14, and this would probably be 
the most ideal time for the turning under of this crop in order to get 
best results. 

Comparing rye with other forms of green manure, it appears to 
decompose more slowly in the soil and therefore shows a much 
lower rate of carbon-dioxide evolution. In 10 days the youngest 
cutting gave up 43.54 per cent of its total carbon dioxide, against 
27.61 per cent on the cutting of June 18, when the crop was mature. 

Nitrate-nitrogen determinations were made of the mixtures after 
the liberation of the carbon dioxide., and the soil check contained 2.2 
mg. of nitrogen as nitrate per 100 gm. of soil. In all of the rye treat¬ 
ments there was a reduction of nitrates, as only traces were found. 
There was a pronounced germination of weed seed in all of the cul¬ 
tures, and no foul putrefactive fermentation was detected. 

» 

Table 13. —Decomposition of rye cut at different stages of growth 


Dajly Prodtjction of Carbon Dioxide (Milligrams) 


Date cut 

First 

day 

Second 

day 

Third 

day 

Fourth 

day 

Fifth 

day 

Sixth 

day 

Seventh 

day 

Eighth 

day 

Ninth 

day 

Tenth 

day 

Total 

May 14. 

43.8 

43.3 

50.9 

40.4 

28.0 

21.1 

26.2 

9.1 

8,6 

7.9 

279.3 

May 21. 

42.9 

37.9 

24.2 

38.6 

23.1 

26.6 

15.0 i 

31.0 

6.2 

5.3 

230.8 

May 28. 

37,7 

45.6 

21.3 

23.0 

27.4 

17.6 

31.1 * 

; 22.5 

15,2 

9.4 

230.8 

June 4. 

57.4 

33.9 

28.1 

22.8 

15.8 

30.0 

15.0 

20.6 

14.3 

8.2 

246.9 

June 18. 

29.9 

12.4 ! 

21.4 

27.7 

27.2 

19.0 

26.7 

1 13.2 

11.0 

7.0 

195.5 


Daily Decomposition (Per Cent) 


May 14_ 

6.82 

13.58 I 

21.51 

27.81 

32.17 

35.46 

39.55 

40.97 

42.31 

43.54 


May 21_ 

6.64 

12.50 

16.24 

22,21 

25.79 

29.90 

32.22 

33.92 

34.88 

35.70 


May . 

5.42 

11.97 i 

15.03 

18.33 

22.27 

24.80 

26.39 

29.62 

31,81 

33.16 


June 4_! 

7.97 

12.67 i 

16.57 

19.74 

21.93 

^.09 

28.29 

31.15 

33.13 

34.27 


June 18. 

4,22 

5.97 

9.00 

12.91 

16.75 

19.44 

23.21 

25.07 

26.60 

27.61 
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Table 14 shows that the &st three cuttings of oats gave the gi'eatest 
rate of carbon dioxide liberation over a 10-day period. The amount 
of carbon dioxide evolved was greater than that from rye with a 
maximum liberation from the oats cut on May 28. Taking the libera¬ 
tion of carbon dioxide as an index to the rate of decomposition under 
conditions existing in the field, the third cutting of oats is the best 
for use as green manures. 

The initial nitrogen for oats was greater than that of the rye and 
as a result there was greater evolution of carbon dioxide. 

Soluble nitrogen determination of these samples showed the soil 
blank to contain 4.8 mg. of nitrate to each 100 gm. of dry soil. With 
the^ mixtures the nitrate was present in sufficient quantity to get 
definite results, although there was a reduction in quantity over the 
untreated soil. In both cases nonlegumes showed a reduction of the 
nitrates already present in the soil. Germination was positive, and 
there was no foul putrefactive odor during the decomposition as was 
the case when green materials fresh from the field were used. 

Table 14 .—Decomposition of oats cut at different stages of growth 


Daily Production of Car«on Dioxide (Milligrams) 


Date cut 

f 

First 

day 

; Second 
day 

Third ' Fourth I 
day day j 

Fifth 

day 

Sixth 

day 

Seventh 

day 

Eighth 
day ; 

! 

Ninth 

day 

Tenth 

day 

Total 

May 14. 

59. a 

31.8 

73.1 1 

1 

59.1 1 

43.0 

16.4 

5.2 

7.9 

3.3 

3.2 

302.9 

May 21. 

115.5 ! 

39.0 

40.6 i 

32.4 1 

31.0 

24.2 

11.7 

8.8 

4.0 

2.4 

309.6 

May 28_ 

140.6 1 

56.7 

61.6 1 

30.8 1 

15.6 

24.6 

4.7 

3.0 , 

1.8 

1.4 

340.8 

June 4. 

50.7 

1 44.7 

64.0 , 

30.0 

28.1 

26.3 

7.4 

10.1 

6.3 

3.8 

271.4 

June 18. 

42.9 

1 80.8 

45.7 i 

28.4 

17.6 

6.8 

14.5 

5.4 

4.6 

3.6 1 

1 

250.3 


Daily Decomposition (Per Cent) 


May 14_ 

,! 8.80 

20.81 

31. 54 

40.22 

46.53 

4a 94 

49. 71 

50.87 

51. 35 

51.82 !. 

May 21.... 

16.23 

28.74 

34.45 

39.00 

43.36 

46.76 

48.40 

49.64 

50.20 

50.54 !. 

May 28_ 

.i 19.53 

27.40 

35.96 

40.24 

42.40 

45.82 

46.47 

46.89 

47.14 

47.33 ‘. 

June 4. 

7.04 

13.24 

22.12 

j 26.29 

30.19 

33.84 

34.86 

34.88 

1 37.14 

37.67 !. 

June 18..._ 

.i 6.01 

17.32 

23.73 

' 

' 27. 70 1 

i i 

30.17 1 

31.12 

33.15 

33. 91 

34.55 

1 

35.06 :. 

' 1 


The results in Table 15 show a greater evolution of carbon dioxide 
from clover than from either of the nonlegumes. This was especially 
noticeable with the cuttings of May 14 and 21. At this stage of 
growth the clover contained its maximum nitrogen. The greatest 
evolution of carbon dioxide was in the earlier days of the experiment, 
and it appears from these results that the youngsgi‘ass is decidedly 
the best for use as a green manure crop. 

Residual nitrates were in greater quantit}^ than in the case of the 
nonlegumes. The soil blank contained 0.13 mg. of nitrate nitrogen 
for each 100 gm. of dry soil, and there was an increase in the treated 
pots throughout the entire period of the experiment, the maximum 
nitrification being obtained w?>.h clover cut on May 21. 

Germination of native seecHnHhe soil was abundant in aU of the 
flasks, and the fermentation was not of a foul, putrefactive nature. 
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Table 15. —Decomposition of crimson clover cut at different stages of growth 


Daily Production of Carron Dioxide (]Milligrams) 


Date cut 

First 

day 

Second j Third 
day i day 

Fourth ' 
day ! 

i 

Fifth 

day 

Sixth 

day 

■Seventh 
; day 

Eighth 

day 

Ninth 

day 

Tenth 

day 

Total 

May 14. 

98.7 

92.7 ; 

81.2 

! 

18.3 ! 

29.3 

22.0 

i 

21.0 

11.3 

10.1 

8.7 

393.3 

May 21_ 

97.3 

81.8 1 

59.2 

43.5 ! 

31.4 ' 

30.1 

33.4 

4.7 ; 

3.4 

1 2.1; 

; 386.9 

May 28. 

; 78.0 

45.0 : 

53.7 

27.2 

20.4 ; 

21.4 

' 17.6 1 

9.8 : 

2.0 

1.7 1 

276.8 

June 4_ 

: 74.0 

51.8 i 

42.9 

39.8 1 

13.0 1 

12.3 

I 38.3 

8.4 i 

5.2 

4.1 1 

289.8 

June 18. 

; 42.1 

48.4 ' 

31.9 

25.2 ; 

1 

19.5 : 

20.3 

, 30.4 

8. 7 ' 

1.2 

; 

228.7 


Daily Decomposition (Per Cent; 


May 14_ 

14.61 1 

28.33 : 

40.36 : 

43.06 1 

47.40 i 

1 

50.66 ; 

53.77 ' 

55.44 I 

56.94 

58.22 


May 21.! 

12.29 

22.63 i 

30.11; 

35.60 I 

39.57 ! 

43.37 1 

47. 59 

48.18 I 

48.62 1 

48. 88 ... 


May 28. 

11.09 : 

17.48 ' 

25.12 ' 

28.98 i 

31.88 1 

34.93 ! 

37.43 

38.82 : 

39.10 

39.35 ... 

... - 

June 4. 

: 11.04 

18. 78 

25.18 ; 

31.12 1 

33.06 i 

34.90 1 
26.30 ! 

40.61 i 

41. 87 i 

42.64 

43.25 ... 

_ 

June IS. 

' 5.91; 

12. 70 j 

17.18 . 

20.72 1 

23.45 j 

30.57 

31. 79 1 

31.96 

32.10 ,... 



Tile beneficial effect of winter vetch as a green manure is clearly 
indicated by the results in Table 16. There was a much gi'eater 
decomposition throughout the entire series of cuttings than with 
any of the other crops experimented with. Maximum evolution of 
carbon dioxide was observed in every cutting of green manure either 
on the first or second day of the experiment. By the tenth day the 
evolution of carbon dioxide had become more or less uniform over the 
entire series. If the decomposition is an indication of the efficiency 
of the green manure, the cuttings of May 14 and 21 would be the 
preferable ones for turning under as green manure. 

Germination of native seed in the soil was more pronounced in the 
vetch series than with any of the other crops tried out, and nitrate 
production was decidedly the greatest. The soil untreated contained 
3.4 mg. of nitrate in each 100 gm. of dry soil, and the nitrates produced 
from the treated soils ranged from 13.2 to 26 mg. It was foimd that 
the younger the grass the greater was the production of nitrate. 

Table 16, —Decomposition of winter vetch cut at different stages of growth 


Daily Production of Carbon Dioxide (Milligrams) 


Date cut 

First 

day 

Second 

day 

Third 

day 

Fourth: 
day i 

Fifth 

day 

Sixth 

day 

Sev¬ 

enth 

day 

Eighth 

day 

Ninth 

day 

Tenth 

day 

Total 

May 14. 

96. S 

94.8 

53.7- 

40.6 i 

36.4 

30.2 

28.6 

26.4 

18.7 

10.9 

437.1 

May 21. 

105.1 

56.8 

49.4 

55.0 ' 

48.0 : 

36.1 

28.4 

26.3 

20.7 

18.9 

444.7 

May 28. 

101. 6 

105.7 

50.8 

42,7 i 

39,9 J 

30.0 

20.6 i 

15.2 

10.0 

5.1 

421.6 

June 4. 

54.1 

81.3 

34.7 

23.2 1 

18.0 ' 

16.9 

15.4 i 

13.8 

12.6 1 

11.8 

281.8 

June 18. 

120.7 

42.9 

54.7 

35.6 1 

J 

15.7 i 

10.1 

9.3 

7.4 

6.3 

5.9 

308.6 


Daily Decomposition (Per Cent) 


May 14_^ 

14.50 

28.70 

36.75 

42.83 

48.^ 

- 

57.90 

61,04 

63.85 

65.48 ! 


May 21. 

16.68 

25,54 

33.33 

42.00 

49.57 

6ii.21 

59,75 

63.90 

67.16 

70.14 i 


May 28. 

14.72 

30.04 

73.41 

43,59 

49,37 

53.72 

56.71 

68.90 

60.36 

61.10 


June 4__ 

7.58 1 

18.99 

23.84 

27.09 

29.61 

31.98 

34.14 

36.08 

37.84 

39.50 1 


June 18.^ 

16.86 

^85 

3a49 

35.46 

37.65 

39.06 

40.36 1 

1 

41.40 

42.28 

43.10 1 

. 


Table 17 gives the total amounts of nitrate nitrogen and carbon 
dioxide developed over a 10-day period from the several forms of 
organic matter. It will be recalled that in the experiments using 


















94 


Journal of Agricultural Research 


Vol. 33, No. 1 


Table 14 shows that the first three cuttings of oats gave the greatest 
rate of carbon dioxide liberation over a lO-dav period. The amount 
of carbon dioxide evolved was gi*eater than that from rye with a 
maximum liberation from the oats cut on Ma.y 2S. Taking the libera¬ 
tion of carbon dioxide as an index to the rate of decomposition under 
conditions existing in the fieldy the third cutting of oats is the best 
for use as green manures. 

The initial nitrogen for oats was greater than that of the rye and 
as a result there was greater evolution of carbon dioxide. 

Soluble nitrogen determination of these samples showed the sou 
blank to contain 4.8 mg. of nitrate to each 100 gm. of dry soil. With 
the mixtures the nitrate was present in sufficient quantity to get 
definite results, although there was a reduction in quantity over the 
untreated soil. In both cases nonlegumes showed a reduction of the 
nitrates already present in the soil. Germination was positive, and 
there was no foul putrefactive odor during the decomposition as was 
the case when green materials fresh from the field were used. 

Table 14 .—Decofnposition of oats cut at different stages of growth 


Daily Prodvction of Carbon Dioxide (Milligrams) 


Date cut 

First 

day 

Second 

day 

Third | 
day } 

1 

1 

Fourth! Fifth 
day 1 day 

Sixth 

day 

Seventh 

day 

Eighth 

day 

Ninth 

day 

Tenth 

day 

Total 

May 14. 

59.9 

31.8 

1 

73.1 ! 

59.1 

43.0 

16.4 

5.2 

7.9 

3.3 

3.2 

302.9 

May 21. 

115.5 

39,0 

40.6 

32.4 ! 

31.0 

24.2 

11.7 

8.8 i 

4.0 

2.4 

309. 6 

May 28. 

140. 6 : 

56.7 

61.6 

30.8 1 

15.6 

24.6 

4.7 

3.0 

1.8 

1.4 

340. 8 

June 4. 

50.7 

44.7 

64.0 ! 

30.0 i 

28.1 

26.3 

7.4 

10.1 I 

6.3 

3.8 

271.4 

June 18. 

42.9 

80.8 

45.7 i 

28.4 

17.6 

6.8 

14.5 

5.4 

4.6 

3.6 

250.3 


D.\iLY Decomposition (Per Cent) 


May 14..., 

1 

.i 8.80 

20.81 

31. 54 1 

40.22 

46.53 

48.94 

49. 71 

50.87 

61.35 

51. 82 

May 21.... 

,i 16.23 

28.74 

34.45 1 

39.00 

43.36 

46.76 

48.40 

49.64 

50.20 

50. 64 

May 28.... 

.i 19.53 

27.40 

35. 96 I 40.24 

42.40 

45.82 

46.47 

46.89 

47.14 

47.33 

June 4_ 

7.04 

13.24 

22.12 i 26. 29 

30.19 

33.84 

34.86 

34.88 

37.14 

37.67 

June 18.... 

.i 6.01 

! 1 

17.32 

23.73 I 

27.70 

30.17 

31.12 

33.15 

33. 91 

34.55 

35. 06 


The results in Table 15 show a greater evolution of carbon dioxide 
from clover than from either of the nonlegiimes. This was especially 
noticeable with the cuttings of May 14 and 21. At this stage of 
growth the clover contained its maximum nitrogen. The greatest 
evolution of carbon dioxide was in the earlier days of the experiment, 
and it appears from these results that the young, grass is decidedly 
the best for use as a green manure crop. 

Residual nitrates w^ere in greater quantity than in the case of the 
nonlegumes. The soil blank contained 0.13 mg. of nitrate nitrogen 
for each 100 gm. of dry soil; and there was an increase in the treated 
pots throughout the entire period of the experiment, the maximum 
nitrification being obtained wi-h clover cut on May 21. 

Germination of native seed^Hhe soil was abundant in all of the 
fiasks; and the fermentation was not of a foul, putrefactive nature. 
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Table 15. —Decomposition of crimson clover cut at different stages of growth 


Daily Production of Carron Dioxide (^Iilligbams) 


Date cut | 

! 

Second 

day 

! Third 
; day 

! . 

. Fourth 
: day * 

i 

Fifth i 
day ; 

Sixth 

day 

I I 

Seventh 
! day 

Eighth 

day 

Ninth ^ 
day , 

Tenth 

day 

Total 

May 14. j 98.7 

i 92. 7 i 

1 

81.2 

18.3 

29.3 ; 

22.0 

' 21.0 

11.3 ! 

1 10.1; 

8.7 

i 393.3 

May 21.; 97.3 

81.8 1 

59.2 

43.5 

31.4 ; 

30.1 

; 33,4 

47 i 

3.4 ; 

2.1 i 

3SG.9 

May 28. | 78.0 

45.0 

! 53.7 

27.2 

20.4 1 

21.4 

: 17.6 

9.8 

; 2.0 i 

1.7 

I 276.8 

June 4. 74.0 

51.8 

i 42.9 

39.8 

13.0 ! 

12.3 

i 38.3 

8.4 

! 5.2 

4.1 ! 

! 289. S 

June 18.j 42.1 

48.4 

1 

: 31.9 

I 

25.2 

19.5 ■ 

20.3 

30.4 

8.7 - 

' 1.2 ' 

1.0 I 

228.7 


Daily Decomposition (Per Cent) 


May 14_ 

14.61 28.33; 

40.36 1 

43.06 ! 

47.40 

50.66 j 53.77 i 

55.44 

i 56.94 ! 

58.22 '_ 

May 21. 

12.29 22.63 ■ 

30.11 i 

35.60 i 

39.57 

43.37 ! 47.59 , 

48.18 

48.62 i 

48. 88 

May 28. 

11.09 1 17.48 1 

25.12 j 

23.98 

31.88 

34 93 i 37. 43 i 

38.82 

39.10 ; 

39.35 _ 

June 4. 

11.04 i 18.78 ! 

25.18 ! 

31.12 1 

33.06 

34.90 40.61 

41.87 

42.64 I 

43. 25 

June 18. 

5.91 i 12. 70 ! 

17.18 1 

20.72 i 

i 

23.45 

26. 30 1 30. 57 

31.79 

31.96 1 

i ! 

32.10 _ 


The beneficial effect of winter vetch as a green maniire is clearly 
indicated by the results in Table 16. There was a much greater 
decomposition throughout the entire series of cuttings than with 
any of the other crops experimented with. Maximum evolution of 
carbon dioxide was observed in every cutting of green manure either 
on the first or second day of the experiment. By the tenth day the 
evolution of carbon dioxide had become more or less uniform over the 
entire series. If the decomposition is an indication of the efficiency 
of the green manure, the cuttings of May 14 and 21 would be the 
preferable ones for turning under as gi'een manure. 

Germination of native seed in the soil was more pronounced in the 
vetch series than with any of the other crops tried out, and nitrate 
production was decidedly the greatest. The soil untreated contained 
3.4 mg. of nitrate in each 100 gm. of dry soil, and the nitrates produced 
from the treated soils ranged from 13.2 to 26 mg. It was found that 
the younger the grass the greater was the production of nitrate. 

Table 16. —Decomposition of winter vetch cut at different stages of growth 


Daily Production op Carbon Dioxide (Milligrams) 


Date cut 

First 

day 

Second 

day 

Third 

day 

Fourth 

day 

Fifth 1 
day I 

Si.xth 

day 

Sev¬ 

enth 

day 

Eighth 

day 

Ninth 

day 

Tenth 

day 

Total 

May 14. 

96.8 

94.8 

53.7- 

40.6 

36.4 j 

30.2 

28.6 

26.4 

18.7 

10.9 

437.1 

May 21. 

■ 105.1 

56.8 

49.4 

55.0 

48,0 1 

36.1 

28.4 

26.3 

i 20.7 

18.9 

444.7 

May 28. 

101.6 

105.7 

50.8 

42.7 

39.9 ! 

30.0 

20.6 

15.2 

10.0 1 

5,1 

421.6 

June 4.i 

64.1 i 

81.3 

34 7 

23.2 

lao i 

ia9 

15.4 

13.8 

12.6 

11.8 

281.8 

June 18. 

120.7 i 

42.9 

54.7 

35.6 ! 

15.7 1 

10.1 ! 

9.3 

7,4 

6.3 

5.9 

308.6 


Daily Decomposition (Per Cent) 


May 14_ 

14.50 

28.70 

36.75 

42.83 

4028 ‘ 

31 

57.90 

61.04 

63.85 

65.48 


May 21_ 

16.58 

25.54 

33,33 

42.00 

49.57 i 

ba.21 

59.75 I 

63.90 

67.16 

70.14 


May 28. 

14 72 

30.04 

73.41 

43.59 

49.37 i 

53.72 

56.71 

58.90 

60.36 

61.10 


June 4-_ 

7.58 

18.99 

I 23.84 

1 27.09 

29.61 

31.98 

34 14 ' 

36.08 

37.84 

[ 39.60 


June 18. 

1 

16.86 

^,85 

! 30 49 

35.46 

37.65 

39.06 

40.36 

41.40 

42.28 ! 

43.10 



Table 17 gives the total amounts of nitrate nitrogen and carbon 
dioxide developed over a 10-day period from the several forms of 
organic matter. It will be recalled that in the experiments using 
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green manure fresh from the field not a trace of nitrogen as nitrate 
was found. It was also noted that the nitrate in the soil was used 
up. Table 17 shows that the nitrate of the soil blanks varied rnore 
or less with each of the blanks. The soil blank for the oats contained 
the greatest amount of nitrate and that of the clover the least. 

Table 17. —Parallel formation of nitrate nitrogen and carbon dioxide in soils 
treated with green manures 


In Milligrams of Nitrate Nitrogen per 100 Grams of Soil 


Date green-manure crop was cut 

1 

Rye 

Oats 

Clover 

Vetch 

Soil blank.. 

2.2 

48 

0.13 

1 

I 3.4 

May 14 ..... 

Trace. 

1.6 i 

13.4 

26.0 

May 21....' 

Trace. 

.5 ‘ 

1 6.0 

12.0 

May 28... 

Trace. 

.5 1 

! 1.0 

18.0 

June 4..... 

Trace. 

.5; 

: 1.0 

18.6 

June 18...... 

Trace. 

.5 

1.0 

13.2 

1 

i 


Milligrams of Carbon Dioxide from O.S Gram of Organic Matter 
(Ten-day totals, with soil blanks deducted) 


Soil blank,...... 

53.6 

76.3 

77.9 

80.3 

May 14,,. 

279.3 

352.9 

393.3 

437.1 

May 21... 

230.8 

359.9 

386.9 

444 7 

May 28... 

230.8 

340.8 

276.8 

421.6 

June 4... 

246.9 

271.4 

289.8 

281.8 

June 18. 

195.5 

250.3 

228.7 

1 

308.6 



The nitrate nitrogen originally present in the soil was reduced in 
every instance by the nonlegumes rye and oats. An opposite effect 
was noted with the legumes clover and vetch. The greatest arnount 
of nitrification was shown by vetch. 

In former experiments (5) on nitrification it has been shown that 
there is a disappearance of nitrate nitrogen when cellulose is mixed 
with the soil. Such a condition will exist for probably 28 to 32 
weeks, the reduction varying slightly with the soil type used. After 
about 32 weeks the injurious effect of the cellulose apparently passes 
off and nitrification then progresses slowly. It seems that there are 
certain types of bacteria that make use of the original nitrate of the 
soil for their early growth and maintenance, but after the reduction 
period of the fii*st few weeks a gain is always noted. 

The destruction of nitrates after cellulose is added to the soil has 
been reported by many investigators. Some claim that it is due to 
the process of denitrification, although total nitrogen analyses do 
not indicate a loss of nitrogen. Probably the cellmose furnishes a 
suitable medium for the growth of the organisms that convert nitrates 
into protein. In this transformation there is not any loss in total 
nitrogen, and in an ordinary nitrifying soil these protein compounds 
soon change to nitrates. 

The same reduction phenomenon has been noted with rye and oats 
in the early st^es of decomposition, but the soil recuperates much 
more rapi<Uy with these forms of oiganic matter than with the more 
or less mert cellulose. It would seem, then, that legumes mcor- 
porated in the soil as green manures stimulate the formation of nitrate 
at a much earlier stage of their decomposition than do the nonlegumes, 
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which, when first turned under, apparently suppress nitrification for 
the first two or three weeks. 

In reviewing the carbon-dioxide results, it will be seen that the 
young grass gave the greatest evolution of carbon dioxide when incor¬ 
porated with a definite amount of soil. The readiness of decomposi¬ 
tion was in the following order: Vetch, clover, oats, and rye. Taxing 
the results as a whole, it appears that the green manures cut between 
May 14 and May 28 would be preferable as sources of organic matter 
for maintaining a high state of productivity. 

For the nonlegumes, the ideal time for turning under would be when 
the plants were beginning to head. With vetch the best results are 
obtained when the plants are just beginning to bloom. Maximum 
eflniciency with clover is obtained when the plants are in bloom. 

SUMMARY 

Pure cellulose applied to soils in different amounts restricted plant 
growth. This restriction was proportional to the amount of cellulose 
added. The addition of potassium nitrate in quantities of about 0.01 
per cent failed to offset this harmful effect of the cellulose. Varying 
the quantity of nitrate had very little effect in counteracting the in 
effects of the cellulose, beyond an 8-ton application. 

Plants when grown in a well-balanced nutrient solution were healthy 
and vigorous, b^ut the addition of cellulose depressed growth. Con¬ 
ditions were improved slightly by renewing the nutrient medium 
frequently. The depression in plant growth was proportional to the 
amount of cellulose added. 

Decomposing.cellulose produced hydrogen sulphide as a reduction 
product of the sulphates of calcium and magnesium contained in the 
nutrient solution. 

The root systems of the plants were altered materially by a cellulose 
treatment, the roots becoming very much discolored and altogether 
unhealthy in appearance. 

Crimson clover when added to sand and to Hagersto^\m silt loam 
soil in tubs and allowed to remain out of doors gave increased plant 
growth. 

With four leading Virginia soil types, in tubs out of doors, rye in a 

f reen state depressed plant growth in the heavy clay types of soil, 
n the more open types of sou, a slight increase in growth was noted. 
Corn grown in the field where dover was turned under gave an 
increased 3 deld over corn with the clover removed for hay. 

Corn was depressed in yield where rye was turned under over a 
period of 12 years. 

Wheat grown where soy beans were cut for hay gave a much 
smaller yield than wheat which had soy beans turned under as a 
green manure. 

Wheat yields were slightly increased by the turning under of buck¬ 
wheat. There was a depression of yield when the buckwheat was 
removed for hay. 

Rye, oats, clover, and vetch show a varied ratio between their 
nitrogen and carbon when cut on May 17.. The ratio between the 
nitrogen and carbon is much wider for the nonlegumes than for the 
legumes. 

103394—26-7 
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The evolution of carbon dioxide from rye, oats, clover, and vetch, 
cut on May IT and mixed with soil, was much greater than from the 
same materials which had been allowed to air-dry for the same period 
of time. The legumes showed a more rapid decomposition in every 
case than did the nonlegumes. 

When green materials were allowed to decompose in the soil, no 
nitrates were detected after the experiment had been run for 10 
days. With the same substances that had been allowed to air-diy, 
nitrates were present, but in much greater quantity under a legume 
than under a nonlegume treatment. 

Drying green manures retards their decomposition when gauged 
by carbon dio^de liberation over a 10-day period. This retardation 
in decomposition may probably be due to the soluble hemicelluloses 
and other polysaccharides having been changed to less soluble forms. 

Eye, oats, clover, and vetch, cut at different stages of development, 
show wide differences in their nitrogen-carbon ratio. The younger 
the cutting the narrower the ratio. The ratio between these two 
elements widens as the plant approaches maturity. Vetch gave a 
much narrower ratio than any or the other crops studied. 

Carbon dioxide liberation from green manures cut at different 
stages of growth showed a rapidity of decomposition in the following 
order: Vetch, clover, oats, and rye. Green manure cut between 
May 14 and May 28 showed the highest rate of decomposition. 
With cellulose in a pure form the decomposition was very slow. 
There was a fairly good nitrification with legume treatments, but 
with nonlegumes the nitrates formed were in much smaller amount. 
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INTERGENERIC HYBRIDS IN AEGILOPS, TRITICUM, AND 

SECALE‘ 
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INTRODUCTION 

Hybridization of related but widely different forms offers an 
attractive field for plant improvement. With parents differing in 
respect to many factors, but still producing hybrids that are fully 
fertile, abundant material for selection is furnished. With increasing 
differentiation between the parents, decreasing fertility in the hybrids 
is likely to result until finally there is complete sterility. It is some¬ 
times assumed that increased differentiation between the parents, up 
to a point just short of that at which complete sterility in the hybrids 
is produced, increases the opportunity for obtaining an improved 
form of plant. Whatever the justification for this view in other 
species, it has only meager support in the case of wheat. Neverthe¬ 
less, the method can not be summarily dismissed as offering no pos¬ 
sibilities, and, in fact, it has not been, for hybridization of different 
forms of'wheat with one another and with related species proceeds 
increasingly. As a result, a few segregates of possible value have been 
obtained in interspecific, and even in intergeneric, crosses, and a con¬ 
siderable body of information regarding the genetic behavior and rela¬ 
tionship of the wheat plant and its related forms is being assembled. 

The results obtained in an extensive series of hybridization experi¬ 
ments between the several species of the genus Triticum and certain 
species of the closely related genus Aegflops are presented in this 
paper. The intention is to record the crosses made, to illustrate and 
describe briefly the hybrid plants obtained, and to present certain 
data regarding the fertility" and genetics of the hybrids. In addi¬ 
tion, previous work in the hybridization of Aegilops and Triticum 
is reviewed. More detailed studies of the hybrids now under way 
are reserved for later publication. 

HISTORICAL REVIEW 

Aegilops is the generic name applied to a group of plants more or 
less similar to wheat in appearance and taxonomic characters. The 
genus includes 12 or more species found growing wild in different 
parts of the world, but especially in the Mediterranean region. 
Hybrids between different species of Aegilops and of Triticum have 
been made by several investigators, and natural hybrids frequently 
have been observed. In fact, it was on accoxmt of this capacity for 
cross-fertilization that Aegilops was first brought prominently to the 
attention of botanists. In this a form known as triticoides was prin¬ 
cipally involved. 

1 Received for publication Dec. 17, 1925; issued July, 1926. 
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In 1821 to 1824 Requien collected specimens of a plant in the 
environs ol Avignon and Nimes, France, which he described briefly 
on the herbarium sheets, applying the name Aegilofs triticoides on 
account of its resemblance to cultivated wheat. Bertoloni (5, p. 788- 
789y fii'st published the description, and, considering it a new species, 
applied Requien’s name to it. He believed that the plant reported 
from Italy by Gussone and Tenore under the name A, triuncialis, 
also was A. triticoides Req. 

In 1838, Esprit Fabre found plants of Aegilops triticoides growing 
in the environs of Agde, France, and with these he immediately 
began experiments. This fact was communicated to the French 
Academy of Sciences by Auguste de Sainte-Hilaire (S4) in 1839, but 
Fabre {6) did not publish his results until 1852. 

Fabre found two kinds of plants arising from the seeds of a single 
spike of Aegilops ovata. Of this there could be no doubt, for the old 
’he, still well preserved, remained attached to the roots of the 

S its when they were pulled up and examined. One kind of plant 
the short compact spike typical of A. ovata, and the other had 
a much lai'ger spike very different from A, ovata but identical wdth 
the A. triticoides of Requien. In 1838, seed from the so-called A. 
triticoides, obtained from the typical A. ovata, was sown by Fabre, 
“in an enclosure surrounded by mgh walls, far from any place w^here 
cereals were cultivated, and in which there was no other gramineous 
Successive progenies were growm for seven consecutive years 
enclosure. During this time they gradually became more 
like wheat, until finally he states that “these plants may be regarded 
as truly Triticum.” After five yeai's more in an open, but isolated 
field, the product is described as a “true wheat (Triticum) in this 
time A. ovata had never reappeared. These results led Fabre and 
others to believe that A. ovata is the progenitor of our cultivated 
w^heat. 

Fabre observed also that Aegilops triaristata Willd. likewise gave 
rise to the triticoides form, but he learned this too late to conduct 
experiments with it along with those conducted on the form arising 
from A. ovata, 

Jordan (13), holding view^s on the immutability of species, ques¬ 
tioned the observations and results of Fabre, claiming that he had 
erred in supposing that ovata had changed first to triticoides and then 
to Triticum. In his first discussion of the subject, Jordan favored 
the view that triticoides is a true species, that Fabre had been growing 
it throughout his experiments, and that the final supposedly wheat¬ 
like form was this species. He supposed that this had resulted 
from a mistake in identification at the beginning. He also advanced 
^the alternate view, which he later { 14 ) adopted and maintained, 
[that Aegilops triticoides, the form found growing wild in France, 
Was only a sterile modification or deformation of A. ovata. The 
fertile wheatlike plants developed by Fabre were explained as belong¬ 
ing to a rare, unrecorded species, probably native of the Orient, to 
which he gave the name A, speltaeformis. By supposing that con¬ 
fusion in identification had arisen mth respect to A. triticoides and 
speltaeformis on the one hand, and speltaeformis and Triticum vulgare 
on the other, all three forms being much alike yet entirely distinct, 


plant. 
in this 


» BeieFeace is made by mimber (italic) to “ Literature cited/* p. 139. 
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the phenomena recorded by Fabre and later by others were made to 
fit his own views. In 1857, Jordan (lo) defended his position that 
t/iticoides is only a sterile deformation of -.4. ovata, but admitted that 
it is due, probably but not certainly, to hybridization. He continued 
to maintain that speltaeformis is a distinct species, and that cultivated 
wheat does not owe its origin to the wild Aegilops. 

Godron (7, 8) repeatedly verified the observations of Fabre as 
to the origin of Aegilops triticoides from seed produced by plants of 
A, ovata. Furthermore, he observed that this form, though never 
abundant anywhere, was always found only on the borders of wheat 
fields or in their neighborhood, and only in districts where A. ovata oc¬ 
curred as a wild plant. The sudden appearance under these circum¬ 
stances of a plant with the characteristics of both Triticum and 
Aegilops, and the fact that it seldom produced seed, led him to 
question the views of both Fabre and Jordan and to conclude that 
triticoides was a natural hybrid produced b}^ the fertilization of 
A. ovata with wheat pollen. 

In order to justify this conclusion, Godron resorted to direct 
experiment. In 1853, he pollinated several spikes of Aegilops ovata 
with pollen of Triticum viilgare and T. spelta, respectively, and also 
several spikes of A. triaristata with pollen of T. durum. As a result, 
one or more plants were obtained in each case which were undoubtedly 
hybrids. They differed in form according to the parentage, but the 
A. ovata X T. vnlgare hybrid was practically identical with the wild 
A. triticoides. Apparently these plants of Godron w^ere the first 
artificial hybrids ever made in the grass family, and the natural 
hybrids found by Requien, Fabre, and others are the first recorded 
instances of such hybrids in nature. Continuing his experiments, 
Godron (9) crossed" A. ovata with many different wheats, mostly 
T. vulgare forms but including T. turgidum also. In addition he 
found several natural hybrids in his cultures. On account of the 
close resemblance of t£e hybrids, Godron considered the name j 
triticoides applicable to the Fi plants of any cross betw’^een Aegilops / 
and wheat. 

As a result of his experiments and observations, Godron concluded 
that triticoides is self-sterile, but when grown in proximity to wheat j 
tinder natural conditions, or when again back crossed artificially 
with wheat, it produced, when fertilization occasionally occurred, 
the still more wheatlike form to which Jordan had given the name 
Aegilops speltaeformis. Godron grew the A. speltaeformis of Fabre 
in the twenty-sixth generation and the plants were still indefinitely 
fertile. The anthers were provided with pollen and emerged from 
the flower in an thesis, as in wheat and A. ovata. In 1856, Godron 
crossed A. ovata with the w^heat of Agde, a bearded form, and, in 
1857, backcrossed the Fi with pollen of the same wheat. In 1858 
this produced A. speltaeformis similar to that of Fabre, having not 
only the appearance but all the characters of Fabre’s plant, which 
was being grown in the same garden. Godron grew his speltaeformis 
form for 12 years (to 1869), and it remained constant and similar to 
Fabre^s plant. In the first year (1858) it was only slightly fertile, 
this agreeing with Fabre’s experience, but it was very fertile in the 
following years. Later crosses with the wheat of Agde {10) gave 
a strain with persistent spikes, as Fabre also had found. 
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Other wheats than that of Agde when used in crosses with Aegilops 
ovaia usually gave results different from the preceding, fertile constant 
forms seldom being produced. Apparently these latter hybrids 
were dependent on pollen of wheat for fertilization. 

Regel {21)^ in 1853, appears to have been the first to question the 
conclusion of Pabre that he had transformed Aegilops into wheat. 
In 1856, Regel {22^ 23) produced several plants of Aegilops triticoides 
from seeds of A. ovata which had resulted from pollinationhy Triticnm 
vulgare. These plants were described as more like wheat than 
Aegilops, and an examination of the anthers showed only a few pollen 
grains, nearly all of which were shrunken and poorly developed. 
Aj^parently none was capable of fertihzing. 

Groenland {11), at first working under the direction of Louis de 
Vilmorin, in 1855 and 1856 hybridized Aegijops ovata with Triticum 
monococcum, T. sativum, T. spelta aristata, and T, turgidum. He 
obtained 11 Fi plants, all but 2 of which were sterile, "the cross A, 
ovata X T. vulgare was maintained to the P 3 generation, and the 
cross A, ovata X T. turgidum to the F 4 generation, when sterility 
was complete in each case. Almost always these hybrids had re¬ 
turned to the paternal type, and rarely had maintained their hybrid 
form. From a seed produced by a natural triticoides plant found 
growing in the vicinity of Agde, Groenland developed another series 
of hybrids. In this series the fertility increased from generation to 

f eneration, the plants grown the fourth year (presumably the Fs) 
eing as fertile as cultivated wheat. Plants similar to wheat, appear¬ 
ing in the course of the experiment, were sterile, while those retaining 
the hybrid or triticoidal form were more or less fertile. 

Vilmorin {3If), after reviewing the work of Louis de Vilmorin and 
Groenland (ll), previously cited, reports that his own Fi plants of 
the cross Aegilops ovata X Triticum vulgare were sterile. 

Bally {2) pollinated 250 flowers of Aegilops ovata with Triticum 
vulgare, and obtained two Fi plants. From 80 reciprocal pollina¬ 
tions three Fi plants resulted. The reciprocals were similar in 
appearance. All Fi plants were sterile, their pollen being devoid of 
starch and otherwise not normally developed. Back crossing the 
Fi plants with both parental forms failed to produce seed. In a 
cytological study he found that T vulgare had 8 haploid chromosomes, 
A. ovata 16, and the Fi hybrid 12 or more. The Aegilops chromosomes 
were more slender than those of T vulgare and could be distinguished 
in the reduction division. In this connection it should be noted that 
both Sakamura {25) and Sax {26) report that T, dicoccum has 14 
and T. vulgare 21 haploid chromosomes. Sax {27, 28) reports 14 
haploid chromosomes in A, ovata and A, cylindrica, Percival {19) 
reports 7 haploid chromosomes in A. cylindrica, and 14 in A. ovata and 
A, ventricosa. 

Tschermak {30, 31, 32) reports crossing reciprocally several species 
of wheat with Aegilops ovata and A. cylindrica, and also A. ovata with 
rye. In most cases the F^ was sterile, the anthers examined being 
dry, failing to open, and producing no viable pollen. Nevertheless, 
an occasional kernel developed, especially at the tip of a head. As 
this occurred only on unprotected heads, natural back crossing with 
wheat growing near by was possible. However, a small Fg popula¬ 
tion produced from naturally set seed of the F^ segregated m such a 
way as to lead Tschermak to the conclusion that the F^ was selfed 
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rather than hackcrossed. Certain Fg plants of the F^ hybrid type 
also set seed when protected against cross-pollination. This evidence 
for F^ self-fertilit}'^ does not appear conclusive, however. Back 
crossing the F^ witii the parental forms very seldom gave any positive 
result. In contrast to the results of Greenland, the wheatlike plants 
among the h 3 ^brid progenies grown by Tschermak tended to be more 
fertile than those intermediate in form. 

Cook (J) describes a wild plant found growing in Palestine which 
undoubtedly is a hybrid between Aegilops ovata and Triticum dicoc- 
coides Kcke. 

Blaringhem (4) crossed Aegilops ovata and A. ventricosa with 
Triticum monococcum in 1920 and 1921, but states that this was 
accomplished only with dijSSculty. Three Fj plants, representing 
both crosses, were obtained, all of which were sterile, even though 
repeatedly back crossed with several wheats. In 1921 and 1922 
Blaringhem attempted further hybridizations between Triticum, 
Aegilops, and Secale. In the A, ventricosa X S. cereale cross two 
injSated ovaries were obtained. Seeds were obtained in other crosses 
as follows: A. ovata xT, spelta, 1 seed and 3 inflated ovaries; A. 
ovata X T. vulgare^ 1 seed; A. ovatu xiT. vulgare X T, durum)^ 4 seeds; 
A. ventricosa X T. spelta, 9 seeds; and A. ovata x{T. monococcum X T 
durum fixed hj'brid), 13 seeds. At the time of the last report these 
seeds had not been grown and no data are available regarding them, 
including whether or not they were actually of hybrid origin. In 
crosses between Aegilops and wheat, the existence of xenia in the 
hybrid seed is suggested. 

Percival {18) reviews much of the work which has been done on 
Aegilops hybrids. In his opinion a series of crosses initiated long 
ago between species of Aegilops and wheat of the so-called emmer 
series could account for the ancestry of Triticum vulgare and its allies. 

Popova {20) reports finding hundreds of natural hybrids between 
Aegilops and Triticum in Turkestan, in 1921 and 1922 near Tashkent, 
and in 1922 also not far from Jan-Aryk. Several species of Aegilops 
are found there in abxmdance, growing wild on untilled land near 
wheat fields and to some extent in the fields themselves. Two groups 
of these hy'brids are described, whose respective characters indicate 
the following parentage: A. cylindrica Host. xT. vulgare L., and 
A. crassa Bois X T. vulgare L. Complete sterility apparently existed 
in all but eight or nine plants, from one of which two seeds were 
obtained, while the others produced only one seed each. Only three 
F 2 plants were grown, two being like A. cylindrica and one like the 
hybrid. 

METHODS AND MATERIALS 

The results of an extensive series of hybridizations of two ^ecies 
of Aegilops, viz, ovata and triuncidliSj with members of different 
groups of Triticum,*^ and also with Secede cereale^ are reported in this 
paper. A. ovata was crossed with one or more varieties each of T. 
monococcum., T dicoecum, T dicoccoides, T, durum, T. polonicum, T. 
turgidum, T compactum, T. spelta, and T. vulgare, and also with 
S, cereale, A. triunciolis was crossed with all the forms named 
except T monococcum. A, ventricosa was used in a few of the cases 
reported here. 


® The groups of Triticum named below will be referred to her^ter as specif. 
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Aegilops is described by Ascherson and Graebner (7, p, 703-714) 
and others as a gi'oiip of plants comprising 12 species indigenous to 
southern Europe, and western Asia as far as Afghanistan and Tur¬ 
kestan; low annuals with bent stems; spikes short, varying in shape 
from ovate to oblong or elongate cylindrical; spikelets with tlnee or 
more flowers, glumes hard and tough, many nerved, indistinctl}^ or 
not at all keeled, usually with two to many awns or teeth; lemmas 
leathery, with one to three awns or teeth. 

Aegilops was known to the ancients, and in regions where it was 
indigenous it was used at a very* remote period as an important 
article of food. At present Aegilops is apparently of no economic 
importance anywhere. One species, A. cylindrical has recently been 
reported in the United States from Oklahoma, Kansas, and Wash¬ 
ington. In the first two States it is found as a weed in wheat fields, 
apparently having been introduced with wheat seed from Eussia. 
In Washington it is supposed to have escaped from a botanical garden. 

Considerable divergence of opinion has existed among botanists 
with respect to the proper classification of Aegilops. Linnaeus (16) 
established Aegilops as a genus and named five species. Hackel {12) 
divided the genus Triticum into two sections, Aegilops and Sitopyrus, 
the latter including the true wheats. Ascherson and Graebner 
(7, p, 703-714) unite Aegilops and wheat in the genus Triticum. It 
appeal's to the present writers that Aegilops and Triticum are differen¬ 
tiated by characters of suflGlcient taxonomic importance to be con¬ 
sidered as separate genera. This is despite the fact that hybridiza- 
. tions are accomplished rather readily between certain members of 
^ the two groups, and that self-fertility occasionally occurs in such 
^ hybrids. 

Aegilops is regarded as a genus parallel to Triticum. As such, the 
characters of one reappear in homologous series in the other, as has 
been pointed out by Vavilov {S3) for several genera. There is also a 
general resemblance between certain species in each genus. Vavilov 
states: 

The genus Aegilops, which is related to Triticum, and grows in large quantities 
in natural wild conditions in southern Russia, Turkestan and Persia, as was shown 
by our observations, repeats in general all varieties of the genus Triticum. In 
Aegilops squarrosa and .Ae, cylindrica, there are beardless as well as bearded 
varieties, varieties with yellow, red and black ears, hairy and smooth ears; and 
we know winter as well as spring varieties of these Linnehns. The same division 
of the genus Aegilops into collective Linneons seems to be similar to that of 
Eutriticum (cultivated wheats). The Linnean species, Aegilops cylindrica and Ae. 
squarrosa, are akin to Triticum vulgare and to other Linneons of the same group 
of wheat. Both are characterized in general by hollow stems, susceptibility to 
yellow and brown rusts {Puccinia glumarum and P. iriticina) , to mildew {Erysiphe 
graminis), and to smut— Tilletia tritici. Other Linneons, like Aegilops triuncialis, 
correspond more to Triticum durum or T. monococcum in their immunity to these 
parasites, and the similarity of their straw, which is full of pith, and in the absence 
of completely beardless varieties. 

As is knowm, Godron artificiaUy produced hybrids of wheat and Aegilops, 
which proves the relative affinity of these genera. 

Popova {20) makes the following statement: 

We find for the typical wild growing species of Aegilops a complete parallelism 
In variability "with the cultivated species of the genus Triticum. 

^ Stapf (29) states that he has seen specimens of A. cylindrica very 
similar in spike characters to T. spelta. Peroival {18) furnishes 
illustrations of spikes of A. cylindrica and T. spelta showing the 
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resemblance in certain head characters. On these accounts it is 
difficult to taxonomically differentiate the two groups, Aegilops and 
Triticum. However, similar difficulty is encoimtered in differentiating 
Triticum from Seeale and Agropyron. 

The glumes of Aegilops are only slightly keeled or not at all, as 
contrasted with the always more or less distinctly keeled flumes of 
j Triticum. In seed characters the different species of Aegilops and 
wheat are somewhat similar, although the seeds of all of the Aegilops 
^ described remain firmly inclosed in the glumes when threshed. In 
this they resemble einkorn, emmer, and spelt among the wheats; 
yet one familiar with these plants would hardly confuse the covered or 
naked seeds of any of the species concerned. " In the general appear¬ 
ance and in many detailed characters of the Aegilops plants the same 
situation exists for the most part. Resemblances to Triticum are 
apparent, but usually little difficulty is experienced in pmperly 
placing the several forms. 

The first plants of Aegilops raised in connection with the experi¬ 
ments reported herein belonged to the ^ecies triuncialis, the seeds of 
which were found in an introduction (Foreign Seed and Plant Intro¬ 
duction No. 29026) of wheat from Palestine in 1912. Since then the 
species ovata, ventricosa, cylindrical and speltoides have been grown. 
In Figures 1 and 2 are shown representative plants of ovata and tri- 
uncicuis. The leaves of these two latter species, as grown in these 
experiments, are narrow’ and abundantly hairy on both surfaces. 
Hairs are also found on the leaf sheaths," The height of these two 
species is less than half that of the average wrheat. A. triuncialis 
has tw’o to three long awns on the glumes, and very slender, lax heads 
wdth three to six spikelets each. A, ovata has four to seven shorter 
awns on the glumes, and a short, denser spike with usually three to 
five spikelets, only the two lower of whicn usually are fertile. At 
maturity the spikes of both of these species disarticulate at a point 
on the rachis below the lowest perfect spikelet. The spike remains 
entire and does not break up naturally into separate spikelets, as is 
the case in several other species of Aegilops. 

In making crosses on Aegilops usually tne distal spikelet of ovata 
and one or two of the uppermost spikelets of triuncialis were removed. 
Only the two lower flowers in the remaining spikelets were used for 
crossing, the upper flowers being entirely removed. The anthers 
were removed from the flowers wmle they were still green, and, after 
emasculation, the head was protected witE a glassine bag. The poDen 
was applied to the stigmas from two to five days after emasculation. 
Bags were replaced after pollination was completed. In reciprocal 
crosses on wheat the process of hybridizing was practically the same. 
The number of flowers pollinated per head usually was from 18 to 
24 in wheat, 4 in ovata, and 6 to 8 in triuncialis. Practically all of the 
crosses have been made in the greenhouses of the United States De¬ 
partment of Agriculture at Arlington Experiment Farm, near Wash¬ 
ington, D. C., and nearly all of the hybrids as well as the parental 
forms, especially of Aegilops, also have been grown in these green¬ 
houses. 

The data taken on the fertility of the hybrids were confined to a 
consideration of the two lower flowers of each spikelet on a head. 
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Fig. 1.—Plant of Aegilop» ovata 







Fig. 2.—Plant of Aegilopi triundalis 
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HYBRIDIZATIONS MADE 

EARLIER EXPERIMENTS 

The first attempt at hybridizing wheat and Aegilops in connection 
with these studies was made in 1913, when 146 flowers of common 
wdieat (Triticum vulgare) and 8 flowers of Polish wheat (T, 
polonicum) were emasculated and pollinated with A. trmncialis. Six 
kernels were produced from the T. vulgare cross, but none^ from the 
71 polonicum. In the following year two plants were raised from 
these kernels, both of which were sterile. No attempts were made 



Fig S.—Spikes: A, Aegilops iriunciatis,' B, Fi Triticum vulgare 9 X Aegilops iriurmal^ ^ ; C, TrUicum 

tulgare (New Columbia) 


to back cross the hybrids with parental forms. Figure 3 shows the 
first Aegilops-wheat cross made at Arlington. As far as the writers 
are aware this is the first report of an artificial hybrid between A. 
irmncixilis and Triticum. Loret (17) reports that he had examined 
two or three incomplete specimens among the plants of M. Martin 
of Bedarieux which he (Loret) believed to be a hybrid between A. 
triuThdolis and T. vulgare. 
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In 1918 the following crosses were attempted: 

PAHENTS 


Aegilops ovata X Triticum vulgare: 

Flowers pollinated_ 12 

Kernels obtained_ 7 

Aegilops triuncialis X Triticum vulgare: 

Flowers pollinated_ 6 

Kernels obtained_ 1 

Aegilops ovata X Secale cereale: 

Flowers pollinated_ 6 

Kernels obtained_ 4 

Aegilops triuncialis X Secale cereale: 

Flowers pollinated_ 6 

Kernels obtained_ 0 


The four seeds obtained from Aegilops ovata X Secale cereale 
failed to germinate. One plant of the cross A, triuncialis X Triticum 
vulgare, and four plants of the A. ovata X T. vulgare cross matured 
in the greenhouse in 1920, all of which were again self-sterile. Back- 
crossing with wheat also failed. 

The following crosses were made in the greenhouse in 1920: 

PARENTS 


Aegilops ovata X Secale cereale: 

Flowers pollinated__ 72 

Kernels obtained_ 9 

Triticum vulgare X Aegilops ventricosa: 

Flowers pollinated_ 26 

Kernels obtained_ 4 


Two Fi plants were produced from the cross Aegilops ovata X 
Secale cereale and one from the cross Triticum vulgare X Aegilops 
ventricosa. All three hybrids were self-sterile, and backcrossing with 
rye and wheat failed to produce seed. 

LATER HYBRIDIZATION EXPERIMENTS 

In 1921, a series of experiments was initiated involving the hy¬ 
bridization of Aegilops with wheat on a more extensive scale. Crosses 
between most of the species of wheat and twd species of Aegilops, 
viz, ovata and triuncialis, were attempted. The crosses, made 
principally in 1921, between A. ovata and A. triuncialis, and different 
species of'Triticum are listed in Table 1, together with data on numbers 
of flowers pollinated, seeds obtained, and plants matured. 
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Table 1. —List of hijbridizatiouH attempted and accomplished between species of 
Aeffihpi and TriticJim, with data on headi and d’^wers pollinated^ seed obtained^ 
and Fi plants matured 


Hybrid combination and parental 
wheat variety 


A. ovata X T. monocoeeum: 
Einkorn. 


A. ovata X T. dicoceum: i 

Khapli.-.-.! 4013 

Black Winter___ 2337 


A. ovata X T. dicoecoides: 
Wild. 


A. ovata X T. durum: 


T. durum X A. ovata: 


Total. 

A. ovata X T. polonieum: 


A. ovata X T, turgidum: 


Total. 

A. ovata X T. eompactura: 


Total. 

T. compactum X A. ovata; 


A. ovata X T. spelta: 
White Bearded,... 


Total.. 

A. ovata X T. vulgare: 


Chami^ain. 4782 


uhammam.. 

Fufe X C. I. Ho. 6193.. 

Preston. 

Purplesferaw.. 


Stanley. 

Cofed-.:_ 

ijadoga. 

Hismp'bedc.. 

TrumbnlK-. 


C.I- 

Number 

Number 
of flow- 

Seed obtained 

Number 

ofFi 

No. 

of heads 
worked 

ers pol¬ 
linated 

Number 

Per cent 

plants 

matured 


9 

54 

7 

... 

13.0 

1 

4013 


34 

8 

, 23.5 

5 

2337 

6 

24 

6 

25.0 

6 

._ — 

13 

58 

14 

24.1 

11 

- 

3109 

8 

32 


21.9 

4 

1440 

5 

28 


25.0 

2 

5529 

1 

6 

5 

83.3 

3 

3322 

2 

8 

5 

62.5 

4 

1494 

1 

4 

3 

75.0 

2 


9 

46 

20 

43.5 

11 

j 6227 

1 

18 

0 

.0 

0 

! 1440 

2 

49 

2 

4.1 

2 

;. 

3 

67 

2 

3.0 

2 

I 3007 

7 

34 

13 

38.2 

9 

1 5988 

5 

26 

18 

69.2 

9 

i 6241 

1 

4 

4 

100.0 

2 

1. 

6 

30 

22 

73.3 

11 

i 4155 

3 

16 

11 

68.8 

3 

1 4066 

1 

6 

3 

50.0 

0 

I 5874 

3 

14 

6 

42.9 

0 

3088 

2 

8 

5 

j 62.5 

0 

4257 

1 

4 

2 

! 50.0 

1 


10 

48 

27 

56.3 

4 

5256 

i 2 

i 

1 40 

0 

1 0 

0 

J 5177 

! 1 

! 16 

0 

; 0 

0 

1 

! 3 

1 56 

0 

0 

0 

j 1774 

5 

i 

i 24 

' 8 

33.3 

3 

.! 1773 

i ° 

1 30 

! 

46.7 

5 

i 

1 11 

54 

' 22 

40.7 

8 

I 4876 

i 1 

i 6 

i 2 

33.3 

1 

i 3588 

1 4 

20 

i 8 

! 40.0 

2 

1 4980 

I 2 

i 10 

i 5 

1 50.0 

1 

i 6282 

! 3 

, 14 

8 

i 57.1 

4 

i 1970 

1 1 

1 ^ 

I 2 

, 50.0 , 

0 

3336 

2 

• 8 

7 

1* 87.5 

3 

4468 

! 1 

i 4 

2 

j 50.0 

0 

4067 

! 1 

6 

2 

33.3 

0 

5407 

! 1 

4 

4 

: 100.0 

2 

5146 

6629 

2 

2 

10 

8 ^ 

:! 

30.0 

62.5 

0 

1 

4782 

1 i 

i 6 

4 

66.7 

0 


1 ! 

1 4 

4 

100.0 

1 

^28 

1 ! 

4 

4 

mo 

0 

1915 

3 

12 

11 

91.7 

3 

4796! 

1 

4 

4 

100.0 

3 

4337 

1 

4 

4 


3 

4795 

2 

8 

7 

87.5 

5 

3690 

1 

4 

4 

100.0 

2 

5657 

1 

4 

3 

75.0 

1 
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Table 1. —^List of hyhridUations attempted and accomplished between species of 
Aegilops and Triticwm, with data on heads and flowers pollinated, seed obtained, 
and F\ plants matured —Continued 


Hybrid combination and parental 
wheat variety 


A. ovata X T. vulgare—Continued. 

Rising Sun..-.. 

Red Chaff. 

2090a-‘l.. 


Total.... 

T. vulgare X A. o’vata: 

Marquis... 

Walker... 

Total.-. 

A. triuncialis X T, dieoccum: 

Khapli. 

A. triuncialis X T. dicoceoides; 

Wild. 

T. dicoceoides X A. triuncialis: 

Wild.-. 

A. triuncialis X T. durum: 

Peliss. 

T. durum X A. triuncialis: 

Kubanka.. 

A. triuncialis X T. polonicum: 
White Polish. 

A. triuncialis X T. turgidum: 

Alaska. 

Titantic. 

Total. 

A. triuncialis X T. compaetum: 
Dale Gloria. 

T. compaetum X A. triuncialis: 

Blue Chaff. 

Jenkin. 

Dale Gloria. 

Total. 

A. triuncialis X T. spelta: 

White Bearded Spelt.. 

A. triuncialis X T. vulgare: 

Prelude.. 

Hard Federation.. 

Canadian Red.. 

Sonora... 

Grandprize.. 

Rink.. 

Total. 

T. \mlgare X A. triuncialis: 

Rising Sun. 

Walker. 

Purplestraw. 

Total. 


! i 

i . I 


p j Number 

Number 
of flow’* 

Seed obtained 

Number 

ofF, 

No. 

wo.rked 

ers pol¬ 
linated 

Number 

Per cent ' 

plants 

matured 

; 

5977 

2 

S 

0 

0 

C 

4241 ■ 

1 

4 

1 

25.0 

0 


1 

4 

4 

100.0 

1 






36 

160 

98 

61.3 

33 


3641 

1 

24 

3 

12.5 

3 

6445 

1 

14 

0 

0 

0 


2 

38 

3 

7.9 

3 





4013 

3 

20 

5 

25.0 

5 

3109 

3 

22 

9 

40.9 

7 

3109 

2 

30 

0 

0 

0 

1584 

1 

10 

8 

80.0 

4 

1440 

1 

26 

6 

23.1 

0 

3007 

1 

6 

1 

16.7 

1 

5988 

1 

6 

2 

33.3 

2 

5535 

1 

8 : 

0 

0 

0 


2 

14 

2 

14.3 

2 




4155 

1 

6 

5 

83.3 

5 

5256 

1 

4 

i 1 

25.0 

0 

5177 


12 

i 2 

16.7 

! 0 

4155 

1 ^ 

10 

i i 

10.0 

0 


3 

26 

' 4 

15.4 

0 

."1 

1 


1774 

2 

12 

4 

33.3 

4 

4323 

1 

i 

i 4 

4 

100.0 

1 

4980 

1 

1 s 


75.0 

5 

. 6282 

1 

; 8 

i 5 

62.5 

5 

3036 

2 

12 1 6 

50.0 

5 

4876 

1 

6 

4 

66.7 

2 

5868 

1 


2 

33.3 

1 


7 

44 

27 

61.4 

19 



i 

J 5977 

1 

22 

i 3 

13.6 

1 

,i 6445 

1 

22 

! 0 

0 

0 

j 1915 

1 

IS 

2 

11.1 

1 

j 

3 

62 

i 5 

8.1 

2 

1 




Hybrids Between Aegilops ovata and Triticum Species 

In Table 1 the crosses made between Aegilojgs ovata and different 
wheat forms are listed first, and following these are the crosses in 
which A. triuncialis was used. The different combinations will 
be considered in the order in which they appear in the table, the 
first being that between A, ovata and Triticum monococcum. Only 
one variety of monococcum was used, pollen of which was applied to 54 
flowers of ovata. As a result seven seeds were obtained, from which 
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one plant was produced. A spike from one of these plants, together 
with spikes of the parents, are shown in Figure 4. ^ The resemblance 
of this Fj plant to the monococcum parent is quite striking. The 
Fi plant was 26 inches in height, and the monococcum parent 30 
inenes. 

Two varieties of emmer {Ti^iiicum dicoccum), Khapli and Black 
Winter, were used as pollen parents in crosses with A. ovata, A total 
of 58 flowers was pollinated, of which 14, or 24.1 per cent, produced 
seed. From these, 11 Fj plants were produce?d, a spike from one 
of which is shown in Figure 5, together with a spike of Khapli emmer. 
This is one of the few h^^brids between A. ovata and Triticum from 
which seeds were obtained by selfing. 



Fig. 4.—Spikes: A, Aegilops ovata; B, Fx Aegilops ovata 9 X Triticum monococcum vulgarc C, 
Triticum monococcum vulgare 


When Aegilops ovaia was crossed with the so-called ^'wild wheat of 
Palestine ”(rn^ic'«m dicoccoided), seven, or 21.9 per cent, of the 32 
flov^ers pollinated produced seeds. From these, four F^ plants were 
grown. A spike oi one of these is shown in Figure 5 together with a 
spike of T. dicoccoides. 

Four varieties of durum wheat {Triticum durum) were used as the 
pollen parent in crosses with Aegilops ovatUy 46 flowers being pollinated 
of which 20; or 43.5 per cent, produced seeds. Eleven F^ plants 
were obt^n^, a spike of one of which is shown in Figure 6, together 
with of the parental forms, ovata and Kubanka durum. The 

of Ihfe; was vigorous, and was self-fertile to a slight degree. 
Tlio Pj of the cross in which Arnautka durum was used as the pollen 
was con^derably more self-fertile than the cross with Kubanka. 
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In the reciprocal of the above cross, 67 flowers of 2 varieties of 
durum pollinated by Aegilops ovata produced only 2 seeds, or a 
percentage of 3.0. These were produced by Kubanka^ the crosses 
on Golden Ball being unsuccessfifl. 

Polish w^heat (Triticum polonicum) was used to pollinate 34 flowers 
of A, ovataj of which 13, or 38.2 per cent, produced seeds. From these 



Fig. 5.—Spikes: A, Tntlcum diocoecum (Khapli); B, Fi of Aegilops ooaia $ X Triticum diococcum^; 

O, Fi of Triticum dicoccoides 9 X Aegilops ovata <?; Triticum dicoccoides 

nine plants were obtained. A spike of one of these is shown in 
Figure 7, together with a spike of each of the parents. The influence 
of the Polish parent in increasing the glume length of the hybrid is 
apparent when the F^ of this cross is compared with the Fj of other 
combinations illustrated. The F^ was imost completely sterile. 
White Polish, the wheat parent, however, was partially sterile when 
grown in the same environment as the hybrids. 
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Two varieties of Triticum turgidum, Alaska and Clackamas^ were 
used in crosses with Aegilops ovata, a total of 30 flowers being polli¬ 
nated. Of these 22, or 73.3 per cent, produced seed. Eleven Fi 


Fig. 6. — Spikes: A, Aegilops mata; JB, Fi of Aegilops ovaia 9 X Tritkum durum Si C, Triticum 

durum (Kubanka) 

plants were obtained, a spike of one of which is shown in Figure 8, 
with spikes of the parental forms, A. ovata and Alaska 
The Fi was self-sterile, but set seed when pollinated with 

wheat. 
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Fire varieties of club wheat (Triticum compactum) were used as 
the pollen parent in crosses with Aegilops omta. From the 48 flowers 
pollinated, 27 seeds were obtained,'or 56.3 per cent. A spike of the 



rid. T.—Spikes; Aesilops ovaia;lB,'Fi oi Aegilops mata 9X Triticum polonicum c?; C. Triticum 
polmicum (WMte Polish) 

Fj and of each of the ppents, ovata and Dale Gloria^ is shown in 
Figure 8. The lax hybrid headfshows little or no influence of the 
compact-headed wheat parent,^in respect to head shape. The Fi 
plant was dwarfed and stunted in growth and late in maturing. 
The fully dereloped plant was shorter even than the ovata parent, 
1505—26- 2 
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and it was completely sterile. Two different varieties of club wheat 
were used as tne female parent in crosses with ovata^ but no seed 
was obtained in 56 attempts. 



Fig. S.—Spikes: Tritkum tuTgidum (Alaska); a, Fi of Aegilops wata 9 X Triitcum turgidum 

c?; C, Aegilops ovotn: D, Tritkum campactum (Dale Gloria); JS?, Fi Aegilops ovata 9 X Tritkum 
ampactum cf*. 

, Two varieties of spelt (IHiicwmspeZia), White Bearded and Alstroum, 
were xjsed in crosses on AegUops ovata. From the 54 flowers polli¬ 
nated, 22 seeds were obtained, a percentage of 40.7. Eight Fi plants 
were produced, of which a spike is shown in Figure 9, together with 
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Aegilops ovaia and Wliite Bearded spelt, the parents. The Fj of this 
hyorid was self-sterile, but a few seeds were produced when wheat 
{Triticum vulgare) pollen was used for fertilization. 



Fig. 9.—Spikes: -4, Trieitum speUa (White Bearded); jB,Fiof Aegilops mata $ X Tritkum spelta 
; <7, Aegilops ovata; I>, Fi of Aegilops mata 9 X Triticum mlgarec^; E, Tritkum mlgare (Purple- 
straw) 

The most extensive series of hybrids between Aegilops omta and 
the different wheat groups is that in which Triticum mlgare was 
used. Of the latter, 23 different strains or varieties were used as the 
'pollen parent in crosses on ovaia, A wide range of tjjpes is repr^ented 
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in these strains, including winter and spring, white-kerneled and red- 
kemeled, hard red and soft red, varieties adapted to the most diverse 
climates and conditions, and varieties differing in many morphological 
characters. Of the 160 ovata flowers pollinated with these various 
strains, 98, or 61.3 per cent, produced seed. In the case of only one 
strain was no seed produced, all other crosses resulting in from 25 to 
100 per cent fertility. The reciprocal cross, in which ovata furnished 
the pollen, was attempted on only 38 flowers of two varieties of 
T, vulgare. From these only 3 seeds were obtained, or 7.9 per cent. 

From the 101 seeds produced in the crosses between Aegilops ovata 
and Triticum vulgare, 36 Fi plants were grown. A spike of the ovata X 
Purplestraw cross, and of each of the parents, is shown in Figure 9. 

Hybrids Between Aegilops teiuncialis and Triticum Species 

Aegilops triuncialis was crossed with one variety of Triticum dicoc- 
cum, the Khapli emmer. From the 20 flowers pollinated, five seeds 
were obtained, a percentage of 25. From these seeds 5 plants were 
obtained. A spike of one of these Fi plants and spikes from the two 
parents are shown in Figure 10. This hybrid showed slight self- 
lertility. 

Reciprocal crosses were attempted between Aegilops triuncialis and 
the‘‘wild wheat of Palestine” {Triticum dicoccoides). From the 22 
flowers pollinated by the wild emmer, 9 seeds 'were obtained, or 40.9 
per cent. No seed was obtained from the reciprocal cross. From the 
nine seeds, seven Fj plants were produced, a spike of the Fj being shown 
in Figure 10 together with spikes of the parental forms. This 
hybrid was exceptionally vigorous and produced selfed seed. 

Durum wheat {Triticum durum) was used in reciprocal crosses 
with Aegilops triuncialis. When Peliss durum was used as the 
pollen parent, 8 seeds were obtained from 10 flowers pollinated, a 
percentage of 80. From these, four plants were produced. In the 
reciproc^ cross, in which Kubanka durum was used as the female 
parent, 26 flowers produced 6 seeds, a percentage of 23.1. From 
these seeds no plants were obtained. A spike of the F^ hybrid 
between triuncialis and Peliss durum, and spikes of the parents, are 
shewn in Figure 11. The Fi of this cross also was vigorous and self- 
fertile. The Fj spike was somewhat speltlike in appearance. 

Only one seed was obtained from six flowers of Aegilops triuncialis 
pollinated by Polish wheat {Triticum polonicum), a percentage of 
16.7. From this single seed a plant was grown, which was com¬ 
pletely sterile. The spike of this F^ plant, shown 'with parental 
spikes in Figure 11, exhibits some influence of the Polish parent in 
the character of the glumes. 

Two varieties of Triticum turgidum^ Alaska and Titanic, were 
used for pollinating Aegilops triuncialis. None of the 8 flowers 
pollinated by Titanic produced seed, but 2 seeds were obtained from 
6 flowers pollinated by Alaska, a percentage of 33.3. From these 
seeds 2 plants were grown, which were higmy self-fertile, producing 
a total of 44 seeds. Spikes of the hybrid and of the parents are 
shown in Figure 12. 

Three -yarieties of club wheat {Triticum compactum) were used in 
crosses with Aegilops triuncialis. When Dale Gloria was used as 
the pollen parent, five seeds were produced by six flowers pollinated, 
a percentage of 83.3. This variety and two others when used as 
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the female parents in crosses with triuncialis^ produced four seeds 
from 26 flowers, a percentage of 15.4. From these four seeds no 
plant was obtained, but fire plants were obtained from the five 
seeds obtained in the triuncialisxT> 2 lQ Gloria cross. A spike from 
one of these, together with the parents, is shown in Figure 12. The 



Fig. 10.—Spikes; *4, Aegihps iriuntiaUs; Fi of Aegilops triuncialis 9 X Triiicum dicoceum cT; C, 
Triiicum dicoceum (Khapli); JD, Fi of Aegilops iriuncmh 9 X Tritkum dicoccoides cf; B, Triticum 
dkoecoides 


influence of the wheat parent on head shape is evident in this F^, the 
spike obtained in this cross being the most compact obtained in any 
of the crosses with triuncialis^ as the wheat parent is also the most 
compact wheat used. The F^ of this cross was quite vigorous and 
was both self-fertile, although only slightly so, and productive of 
seed when backcrossed with wheat pollen. 
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White Bearded spelt was the only variety of Triticum spelta used in a 
cross with Aegilops iriuncialis, 12 flowers of the latter producing 4 
seeds, a percentage of 33.3. From these seeds four plants were pro¬ 
duced, of which a spike, together with the parents, is shown in 
Figure 13. This hybrid showed slight fertility, both when selfed 
and when backcrossed with pollen of common wheat. 



Fig. 11.—Spikes: A, Aegilops trmncialis; Fi of Aegilops triuncialis 9 X Triticum durum c?; C, 
Triticum durum (Peliss); D, Fi of Aegilops triuncialis $ X Triticum polonicum (?; F, Tnticum 
polmkum (White Polish). 

Aegilops triuncialis w 2 iB pollinated with six varieties of common 
wheat (Triticum vvlgare). These included both spring and winter, 
and red-grained an(i white-grained forms. Of 44 flowers pollinated 
by these six varieties, 27, or 61.4 per cent, produced seeds, from 
wmich 19 plants were grown. One or more seeds were produced in 
the case of each variety used. 
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Pig. 12.—Spikes: A, Fiot Aegilops iriwncialis $ X Triticum comp^tum B,TTUieuma>mpuctum 
(Dale Gloria); <7, Aegilops iriuncialis; D, BfOt AegUopsiriunddlis $ X !hUkumiurgidum <?; 
Triticum turgidum (Alaska). 
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Pollen from Aegilops triuncialis was used on 62 flowers of three 
varieties of common wheat, 5 seeds being produced, a percentage of 
S.l. The Walker variety did not produce seed. Only two plants 



Fig. iS.—Spikes; Aj Aegilops iTiuncialis: B, Fi of Aegilops triuncialis 9 X Triticum spelta <?; C, 
Triticum spelta (White Bearded); i>, Fi of Aegilops triuncialis 9 X Triticum vulgare c?; JS, 
triticum mlgare (Purplestraw). 

were produced from these seeds. An spike of the cross between 
A, inuncialis and the soft red winter variety Purplestraw, and 
spikes of the two parents, are shownn in Figure 13. This cross pro¬ 
duct vigorous Fi plants but they were self-sterile. 
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Summary op Aegilops-Triticum Crosses Made 

Summarizing Table 1, it is found that 516 flowers on 109 spikes of 
Aegilops ovata pollinated by nine species of Triticum produced 230 
seeds, or 44.6 per cent of successful pollinations. In the crosses 
with A, ovata the highest percentage, 73.3, was obtained when T, 
turgidum pollen was used: the second highest, 61.3, with T, vulgare; 
and the third highest, 56.3, with T. compactum. T. durum, T. 
polonicum, and T. spelta pollinations were each successful in about 
40 per cent of the cases, while the percentages of successful pollina¬ 
tions with T. dicoccum and T. dicoccoides were 24.1 and 21.9, respec- 
tiTely. The lowest percentage of successful pollinations was with 
T. monococcum, in which cross only 13 per cent of the ^4. ovata flowei's 
produced seed. On account of tne limited numbei*s of flowei‘s polli¬ 
nated in most cases, and the more or less varying conditions under 
which such work usually must be done, there" is perhaps little sig¬ 
nificance in the variation in percentages of successful pollinations 
when the different species were used. 

When Aegliops triuncialis was used as the female parent, 134 
flowers on 20 heads, pollinated by the same species of Triticum 
as used in the above crosses, produced 61 seeds, or a percentage of 
45.5 of the total pollinations. In most cases few pollinations of 
triuncialis were made. The results obtained from triuncialis with 
the different species of wheat, therefore, are even less comparable 
than in the crosses with A. ovata. The percentages of the pollinations 
which were successful varied from about 80 per cent for both T. com- 
pactum and T. durum to 14.3 per cent for T. turgidum. In this 
latter case only 14 flowers were pollinated, and so it can not be con¬ 
cluded that this combination is essentiall}^ different from the others. 

Reciprocal crosses in which wheat was used as the female parent 
were much less successful. From 161 flowers on 8 heads of the 3 
Triticum species, durum, compactum, and vulgare pollinated by 
Aegilops ovata, o^y 5 seeds were obtained, or a percentage of 3.1. 
From 144 flowers on 9 heads of 4 Triticum species, dicoccoides, 
durum, compactum, and vulgare, pollinated by .4. triuncialis, 15 
seeds were obtained, or a percentage of 10.4. The poor results in 
these reciprocal crosses, in which wheat is used as the female parent, 
in contrast to its use as the poUen parent, are attributed partly to 
the fact that all the flowers of a single wheat head are not receptive 
at the time of the single pollination. It is likely, however, that some 
incompatibility between Aegilops and wheat exists in the case when 
w’^heat is used as the female parent that does not exist when Aegilops 
is so used, just as appears to be the case in wheat and rye when rye 
is used as the female parent. 

It is evident from the data in Table 1 that, for the most part, the 
different species and varieties of-wheat used cross readily with 
Aegilops ovata and A, triuncialis when the latter are used as the 
female parents. The largest number of crosses wdth any species of 
wheat were made with vulgare, in both cases. The percentages of 
success attained when A, ovata and A. triuncialis were pollinated 
with T. vulgare pollen were 61.25 and 61.36 per cent, respectively. 
In crosses made in the greenhouse the same year between different 
varieties of vulgare wheat, only 35 per cent of the pollinations made 
resulted in the production of seed. However, it should not be con¬ 
cluded that A, ovata and A. triuTicialis are more compatible with 
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T. viilgare pollen tha.ii is the pollen of one variety of T, vulgare with 
another, tinder favorable greenhouse conditions, A. ovata, usually 
having only three spikelets to the head, completes its blooming in 
two days and occasionally in one, while A, triuncialis, which has 
five or six spikelets, requires a slightly longer period. In wheat 
grown under similar conditions, however, the complete blooming 
of all flowers on a single head commonly requires a period of five 
or more days, although the removal of flowers and spikelets in prep¬ 
aration for pollination somewhat reduces this period for any head. 
All of the flowers that were used for crossing on a head of A, ovata, 
therefore, are receptive at about the same time, and all flowers 
pollinated on a head produced seed in several cases (Table 1). The 
larger number of spikelets of A. triuncialis utilized in crossing, 
however, may result in some of the flowers on a head not being recep¬ 
tive at the time of a single application of pollen. It is even more 
probable that some of the 18 to 24 flowers utilized for crossing in a 
head of T. vulgare would not be receptive at the time of a single 
pollination, especially under greenhouse conditions. 

Hybrids Between Secale Cereale and Aegilops Species 

Crosses were made between rye {Secale cereale) and thi*ee species 
of Aegilops, viz, oyata, triuncialis, and ventricosa, rye being used as 
the pollen parent in all cases. The results of these crosses are given 
in Table 2. From 180 flowers of ovata crossed with rye, 51 malformed 
seeds were produced, a percentage of 28.3. Very few of these seeds 
germinated, and only two plants were matured. Spikes of the Fi 
and of the parents are shown in Figure 14, and enlarged spikelets 
in Figure 15. The F^ was completely sterile. The pubescent pe¬ 
duncle of rye was dominant in the Fi,* spikelet characters are some¬ 
what intermediate. 

Table 2. —List of hybridizations attempted and accomplished between Secale cereale 
and three species of Aegilops — ovata, triuncialis, and ventricosa 


Hybrid comDination and rye variety 

C. I. 

Number 
of beads 
worked 

Number 
of flow- 

Seed obtained 

Number 
of Fi 

No. 

ers polli¬ 
nated 

Number 

Per cent 

plants 

matured 

Aegilops ovata X Secale cereale: 

Unknown.-.-... 



180 

51 

28.3 

2 




A. triuncialis X S. cereale: 

Von Rftmker.. 

133 

1 

6 

0 

0 

0 

Rosen _i.__ 

195 

3 

18 

12 

66.7 

1 



Total. 


4 1 

1 24 

12 1 

50.0 

1 





A. ventricosa X S. cereale: 

Unknown.... 


! 

54 i 

1 i 

28 

51.9 

0 






Two varieties of rye were used in crosses with Aegilops triuncialis. 
The 24 flowers pollinated produced 12 seeds, a percentage of 50. 
From these seeds only one plant was obtained, of which a spike, 
together with those of parents, is shown in Figure 14. This plant 
was also complet^ sterile, and the pubescent peduncle of rye again 
was dominant. The spike of the A. triuncialis X rye hybrid is longer 
and more lax than that of A, ovata X rye, but in other respects they 
are similar* 









Fig. 14.—Spikes: J., opoCa; .8, Fi of Aegilaps maia 9 X Secale meek <?; <7, AeffUeps 

tnuncitdis; D, Fi of Aegilopi tTiuncic^k $ X Sccofe cereaXe J; F, SecaJe cereole 









128 


Journal of Agricnltural Research 


Vol. 33, No. 2 


From 54 pollinations of Aegilops ventricosa with rye 28 seeds were 
obtained, none of which germinated. 

Although 91 seeds were produced in these crosses between rye and 
Aegilops, and all were planted, only 3 plants have been grown. In 
all crosses involving Aegilops and rye, the seeds obtained were con- 



Fio. 15,—Spikelets: A, AegilQj>s matu; B, Fi of Atgilops ot>ata $ X SecaU.cenale c?; A Secale cereale 


siderably shrunken and lacking in endosperm development. These 
hybrid seeds geminated very poorly, and the few plants obtained 
were completdy sterile. Hybrids between Secale and Aegilops have 
nevOT been carried beyond the Fi generation, so far as known to the 
peeseat writers. 
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Aegilops Ovata Pollinated With Barley 

It is also of interest to note that from 141 pollinations of Aegilops 
ovata with cultivated barley, 26 kernels were obtained, all of which 
failed to germinate. These kernels likewise showed very poor 
endosperm development, and no embryos were observed. It appears 
that in these crosses of Aegilops with barley, and to some extent 
with rye, a limited endosperm growth has been stimulated by the 
pollen applied, but* that this stimulation did not result in embryo 
formation. At least embryo development did not proceed very" far, 
and endosperm development also soon ceased. 

THE Fi GENERATION OF AEGILOPS-TRITICUM HYBRIDS 

Two hundred and thirty-five seeds obtained from reciprocal crosses 
between Aegilops ovata and different species of Triticum, and 76 
seeds obtained from reciprocal crosses between A. triuncialis and 
different species of Triticum, were sown in 6-inch pots in the green¬ 
house in December, 1922. Germination of the seed was poor, and 
there was a small additional loss after germination, the plants dying 
before the third leaf was produced. However, 97 plants matured 
from crosses between A. ovata and Triticum, and 49 from crosses 
between A. triuncialis and Triticum, this being 41.3 per cent and 
64.5 per cent, respectively, of the seeds planted. All of the plants 
which matured proved to be true hybrids. 

The Fi plants matured in each of the following crosses consistently 
showed dwarfness and a reduced number of culms as compared 
with the normal Fi plant of other crosses: 

Aegilops ovata X Purplestraw {Triticum vulgare), 

Aegilops ovata X Big Club and Dale Gloria (Triticum compactum). 

Aegilops ovata X White Bearded spelt {Triticum spelta). 

When the same wheats (with the exception of Big Club, which was 
not used) were crossed with A. triuncialis^ the hybrids showed normal 
vigor. As great variability in wigor of growth is found in crosses 
between Aegilops and the several Triticum species used. 

GENETICS OF THE Pi GENERATION 

Requien (5, p. 788-789) gave the name Aegilom triticoides to the 
plant occasionally found in the southern part of France, which later 
was shown to be the natural hybrid between Aegilops and wheat. 
Godron (9) applied this name to all Fi hybrids between wheat and 
Aegilops. He did this because all of the JPi Aegilops-wheat plants 
which he had observed were similar in appearance. Certain char¬ 
acters such as the shape of the head, form of the spikelets, spininess 
of the outer glumes, and sterility, were common to all his Fi hybrids. 
He observed, however, that an awnless wheat used as a parent pro¬ 
duced a hybrid with half-abortive awns, while an awmed wheat 
resulted in & long-awned hybrid. Certain other differences observed 
were also ascribed to similar differences in the wheat parent- The 
hybrids of A. ovata X Triticum grown in connection witn the present 
investigations closely resembled one another, differing only in such 
characters as were possessed by the wheat parent. For example, an 
awned wheat crossed with A, ovata gave a fully-awned Fi, while an 
awnless wheat when crossed with A. ovata produced a hybrid with 
the awns greatly reduced. The awns of the A. ovata X T. durum 
hybrid were longer than those of tlooA.ovata X T. vulgare hybrid, etc. 
The Fi plants of A, triuncialis X wheat were distinguishable from 
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those of A, ovata X wheat principally by having a more slender 
headj more spikelets, and a smaller number of awns or teeth on the 
glumes. Otherwise the two groups of hybrids were similar and at 
times indistinguishable. The nature of the Fj inheritance of 10 
characters differentiating the Aegilops and Triticum parents is 
shown in Table 3. 


Table 3. —Nature of inheritance in the Fi plant of characters dijfereniiaiing the 
Aegilops and Triticum parents 


Characters 

Aegilops 

Fi 

Triticum 

1. Sheath and leaves__ _ 

Hairy.. 

Intermediate_ 

Few to none. 
Few. 

TaU. 

Erect. 

Many. 

1. 

Smooth. 

1. 

Keeled. 

Persistent. 

2. Tillers...... 

Many_ 

Many. 

3. Height of plant..... 

Short... 

Intermediate_ 

4. Culms____ 

Bent.. 

Semierect. 

5. Spikelets per head__ _ 

Few.. 

Intermediate_ 

6. Awns or beaks on the glume. _ _ 

2-7._. 

2-4. 

7. Glume.... 

Spiny_ 

Spiny... 

8. Awns or teeth on lemma _ _ 

2-3. 

1-3. 

9. Glumes.! 

Rounded_ 

Keeled. 

10. Disarticulation of head---..I 

Deciduous_ 

Deciduous.. 





In Figures 3 to 13, inclusive, showing the heads of the parents and 
the Fi pants, a general resemblance of the latter to the wheat parent 
may be observed. It is evident, however, from Table 3 and also 
from the various illustrations, that the Aegilops characters predomi¬ 
nate in the Fj. 

In crosses between wheat varieties, dominance usually occurs 
in the following spike characters: Awnlessness to beardedness, red 
glumes to white glumes, pubescent glumes to glabrous glumes, and 
club to fusiform shape of spike. With the exception of the last- 
named character, dominance was expressed in the Aegilops X Triticum 
crosses in the same manner as in crosses between wheat varieties. 
In the cross between varieties of wheat with clavate and fusiform 
spikes, the Fj usually has a clavate or partially clavate spike. The 
A. ovataX T. compactum (Big Club and Dale uloria) cross produced 
Fi plants none of which showed any indication of clavateness (fig. 8). 
When A. triuncialw was crossed with Dale Gloria, however, the 
influence of the T. compactum parent was evident in the F^, the 
spike being somewhat clavate in shape (fig. 12). 

When Aegilops ovata and A. triuncialis were grown in the green¬ 
house, the number of culms produced was very variable, ranging in 
ovata from 10 to 90, with an average of 40; and in triuncialis from 
10 to 70, with an average of 30. ‘Common wheat {Triticum vulgare) 
grown under similar conditions in the greenhouse produced from 2 
to 10 culms, with an average of 4. F^ plants of the cross ovatax 
vulgare, grown xmder similar conditions, averaged 22.7 culms per 
plant, and F^ plants of the cross triuncialis xvidgare averaged 33. 

In height these same greenhouse-grown plants averaged about 18 
inches ia-Aegilops ovata and 22 inches in A, triuncialis. The height 
of the wheat plants varied with the variety, averaging about 30 
inches for some varieties of T compactum, and about 42 inches for 
certain varieties of T vulgare, T, turgidum, and T. polonicum, althou^ 
some of these latter reached a height of about 60 inches. The F^ 
imlaXvidgare averaged about 34 inches in height, and the F^ 

trimiMciifXvutgare about 37 inches. For the first-named cross the 
intermediate growth habit of the hybrid plant as compared with the 
pa^ts is shown in Figure 16. 
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In number of awns produced the of ihoi Aegilops ovcdaX Triticum 
vulgare cross is intermediate, as is evident in Figure 17. The ovata 
glume usually has four or five well-developed awns, while the glume of 
wheat has only a single awn or beak, which is often very short. The 



Fig, 16.—-Plants: Tritkum vulgare; 5, Fi of Aegilops ovata 9 X Triikum vulgare cf; C, Aegilops mtia 


Fi of the cross illustrated has two long awns and several teeth. In 
the different hybrids there is considerable fluctuation in this character, 
but the Fj is always rather definitely intermediate between the par¬ 
ents. The same condition exists in the Fj of the cross between A. 
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friuncialis and common wheat, the glumes of which are shown in 
Figure 17. Here again the hybrid is rather definitely intermediate 
between the parents in development of awns. 



Fig. 17.—Glumes: A, Atgilops (mata; JB, Fi of Aegilops'omta 9 X Triiicum vulgare ; C, Triiicum vul¬ 
gar e; n, Aegmpstnumialu: B, Fi ofiAegiUtps triuncialis 9 X Triiicum vulgare^; F, Triiicum vulgare 


FERTILITY OP THP 4 HYBRID PLANTS 

The F, generation of Aegilops X Triticum hybrids generally has 
been found sterile, though Godron (5), Greenland {11), and Tscher- 
mak pr^ent indisputable evidence that complete sterility does 
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not always occur. Godron believed tbe Fj fertile only when back- 
crossed with wheat; but Tschermak suggests the possibility that some 
of the seeds in his F^ plants were due to selfing. As no precautions 
appear to have been taken by Tschermak to prevent cross-poUinatioU; 
his opinion is based on the fact that F 2 individuals which resembled 
the Fi plants were self-fertile when pollination was controlled. 

The present writers have had under observation more than 160 F^ 
plants of crosses herein recorded between Aegilops and Triticum, 
grown under the following conditions: 7 fall-sown under field condi¬ 
tions; about 90 fall-sown in 6-inch pots in ordinary greenhouses; and 
about 60 likewise fall-sown in 6-incn pots, but in a greenhouse where 
the length of day'^ was extended to about 16 hours by means of 
electric -illumination. The plants grown under the lengthened-day 
conditions developed poorly, and were much inferior to those grown 
in ordinary greenhouses and in the field. 

The flowers of the Fi Aegilops-Triticum plants opened normally, 
and the anthers were extruded as in wheat. At the time of blooming 
these plants were examined frequently for any indications of fertility. 
Since self-fertility obviously can occur only when the anthers dehisce, 
careful scrutiny was maintained for this phenomenon. As shown in 
Table 4, natural dehiscence of anthers was observed on 16 plants, 14 
of which w'ere growing in the ordinary OTeenhouse and 2 in the field; 
On no plant in the lighted greenhouse did dehiscence occur, possibly 
on account of the inferior development of the plants. On the plants 
where dehiscence occurred the phenomena varied. In no case did 
all of the anthers on a single plant, or even all on a single spike, 
dehisce. Sometimes dehiscence occurred only on primary spikes, 
sometimes only on secondary spikes, but occasionally on both primary 
and secondary spikes. With the exception of those which dehisced 
naturally, the anthers on all Fi plants were more or less deficient in 
their proper function, and microscopic examination revealed but few, 
if any, pollen grains that were viable. All of the 16 plants on which 
anthers were observed to dehisce naturally, however, produced one or 
more seeds. In addition to these 16 plants there were 14 others 
belonging to the Fi generation which produced seed naturally, but in 
which, on account of the limitations on observation, dehiscence 
was not observed. As shown in Table 4, these 30 plants of the 
two categories produced a total of 154 seeds. There, is reason to 
believe that most, if not all, of these seeds were from self-pollination. 
Although natural crossing appears to occur but rarely in the green¬ 
houses where these plants were grown, the seeds produced on plants 
setting seeds natur^ly, but in which dehiscence was not observed, 
may possibly have resulted from backcrossing, though this is consid¬ 
ered improbable. Fortunately, the pollination of 7 of the 16 plants 
on wliich anthers were observed to dehisce was controlled by inclosing 
single heads in glassine bags or by isolation of individual plants in 
a greenhouse where no wheat or Aegilops was grown. As seeds were 
obtained under these conditions, there is no doubt that self-fertility 
may exist in the Fi of Aegilops-Triticum hybrids, the so-called 
A. triticoides, Godron’s (9) conclusion that A. triticoides is always 
self-sterile is not "substantiated in these experiments, therefore, 
although self-sterility is by far the more common condition. 

1505—26-a 
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Table 4. —Numbers of seed-producing {self-fertile) Fi plants of several Aegilops- 
Triticum hybrids in which the anthers were and were not observed to dehisce^ and 
number of seeds produced in each case 


Hybrid combination, and parental wheat variety 

Seed-producing 
plants in which 
dehiscence was 
observed 

Plants setting seed 
naturally, but in 
which dehiscence 
was not observed 

Number 
of plants 

Number 
of seeds 
produced 

Number 
of plants 

Number 
of seeds 
produced* 

A. ovata X T. dicoccum: 

(Khapli).......-. 

1 

1 

0 

0 

(Black Winter).... 

3 

6 

1 

11 

A. ovata X T. durum: 

C Amautka) ..... 

1 

12 

0 

0 

C Kubanka)...... 

1 

1 

0 

0 

A, ovata X T. vulgare: 

(Ladoga) 

1 

6 

0 

0 

A. triuncialis X T. dicoccum: 

(Khapli)....-. 

2 

6 

1 

5 

A. triuncialis X T. dicoccoides__ 

2 

3 

1 

2 

A. triuncialis X T. durum: 

(Peliss)--...-.. 

0 

0 

4 

30 

A. triuncialis X T. turgidum: 

(Alaska) ___ __-.... 

2 

44 

0 

T 

A. triuncialis X T. compactum: 

(Dale Gloria)..... 

2 

7 : 

2 

5 

A. triuncialis X T. spelta: 

(White Bearded)___ 

0 

0 

3 

7 

A. triuncialis X T. vulgare: 

(Canadian Red)........ 

0 

0 

1 

2 

(Sonora) .. 

i_L 

3 

1 

3 


«It is possib' 3 that some of these seeds were due to backerossmg. but this is considered improbable. 


The only hybrids between Aegilops ovata and Triticum which 
showed fielf-fertility were those involving two varieties each, of T. 
dicoccurri. and T, duruniy and one variety of T, vulgare. The total 
percentage of self-fertility was very low. The 40 Fi plants of the 
ovata-vnigare cross alone bore at least 15,000 flowers, but only 6 
seeds vere produced from self-pollinations. On the other hand, 
self-fertile Fj plants were produced when A. triuncialis was crossed 
with r. dicoccum, T, dicoccoides, T. compactum^ T. turgidum, and T, 
vulgare^ and probably with T. durum and T. spelta, although, as 
already explained, dehiscence of anthers was not actually observed 
in these two latter crosses. The 49 plants of triuncialis and Triticum 
parentage produced 117 seeds when pollen was not applied artificially, 
while under the same circumstances the 97 plants of ovata and Triti¬ 
cum parentage produced only 37 seeds. Of the 117 seeds produced 
in the triuncialis crosses, however, 30 were produced in one cross, 
involving 4 plants of which Pehss durum wheat was one parent, and 
44 seeds were from 2 plants of A, triuncialis-T, turgidum parentage. 
But one plant of the cross omtoX Black Winter emmer produced 
11 seeds, and one plant of the cross X Arnautka durum produced 
12. So, whfle there is some evidence of greater general compatibility 
between Triticum and triuncialis than hetween Triticum and ovata, 
it is not conclusive in nature. 

BACK CROSSES ON THE Ti 

Numerous back crosses were made on the F^ Aegilops-Triticum 
hybrids grown in 1923, pollen not only from the parental wheat 
species represented in the original cross, but also from other species 
b^ng employed in many cases, as is shown in Table fi. Since no 
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selfed seeds had been obtained, and no anthers had been observed to 
dehisce on plants grown previous to 1923, the usual procedure of 
emasculation had been dispensed with in pollinating tlae wdth 
parental types. A few successful back crosses thus made in 1922 
moved their hybrid origin by certain characters w^hich they possessed. 
This method was again followed in 1923, and all artificial poUmations 
of the Fi plants of that year, shown in Table 5, were made without 
emasculation. ^ On account of the self-fertility, w^hich first w'as 
exhibited in this year in certain plants, it may be that a few seeds 
listed in Table 5 as originating from back crosses with wheat or 
Aegilops species may actually have originated by selfing. 

Table 5. —Number of flowers pollinaied and seeds set on Fi plants grown in 1923 
from crosses between Aegilops ovata^ A. triundalis, and different species of Triti¬ 
cum when back crossed with parental and other species 


! 

1 

T. vulgare 

T. compactum 

\ 

T. spelta 

T. dicoccum ' 

1 

T. dicoccoides 

Hybrid combination i 

Flowers 

polli¬ 

nated 

Seeds 

set 

Flowers 

polli¬ 

nated 

Seeds 

set 

Flowers 

polli¬ 

nated 

Seeds 

set 

Flowers' 
polli- ' 
nated 

:^pon^ 
nated i 

Seeds 

set 

A. ovata X 







* 

0 ! 

i 


T. vulgar6- . 

1,137 

-17 



93 

0 

86 1 



T. spelta.-.. 

214 

12 




16 ' 

0 

16 i 

0 

T. dicoccum . 

136 

2 

18 

0 

16 

0 

94 

0 ' 


446 

12 



32 

0 

62 

0 ! 

28 i 

Cl 

T. durum _ 

286 

20 



26 

2 

60 

5 i 

16 1 

0 

T. polonicum.... 

70 

1 




30 

0 




_ 



14 

0 











Total. 

2,289 

64 

18 

0 

167 

2 

362 

5 

60 

0 

A. triundalis X 












984 

16 



62 

0 

82 

0 

122 

0 


92 

1 

46 

3 




T. spsfta 

78 

4 

66 

1 

_i ... 




296 

16 



76 

4 

34 

3 

32 

2 








Total. 

1,358 

36 

92 

1 

250 

8 

116 

3 

154 

2 











T. turgidium 

T. durum 

T.monococcum 

A. ovata 

A. triuncialis 

Hybrid combination 

Flowers 

pOlll- 1 ept 

nated ! 

Flowers 
polli- 
; nated 

j 

Seeds 

set 

Flowers 

polli¬ 

nated 

Seeds 

set 

Flowers 

polli¬ 

nated 

Seeds 

set 

Flowers 

polli¬ 

nated 

Seeds 

set 

A. ovata X 



1 








7*- vnlgnre. 



50 

0 



142 

1 



T. spelta _ 

is 

, i 







r. dicoccum. __ _ 


; 

i 


42 

0 



T. turgidum 


.i. 


16 

0 



T. durum _ 


72 

1 



14 

1 



T. monococcum.. 


24 

0 ! 28 

0 







.. . 






Total. 

18 

i 1 

146 

1 

28 

0 

; 214 

2 







A. tjriundalis X 











T. vulgare. 



18 

0 



20 

0 

124 

0 

T. compadum _ 



! 44 

1 

i:::::::: 



46 

0 

T. spelta. 



1 40 

3 


_'_ i _ 

90 

0 

T. durum 



78 

5 










.i. 




Total 


i 

180 

9 



, 20 

0 

260 

0 



i 








The crosses in which self-fertility was observed appear in Table 4, 
and the back crosses made appear in Table 5. The F^ plants of the 
hybrids between Aegilops ovata and different varieties of Triticum 
vulgare (Table 1) were self-sterile, with the exception of the one in 






























































136 


Jo wrnal of Agricultural Research 


Vol. 33, No. 2 


which. Ladoga was used as the vulgare parent, but 1.5 per cent of the 
flowers back crossed wUhvidgare pollen produced seeds. Back crosses 
with vulgare pollen were performed on 1,137 flowers borne by 10 Fj 
plants from S of the crosses with different wheat varieties listed in 
Table 1. None of these plants produced many kernels when thus 
back crossed, but most of them were fertile to a small degree, a total 
of 17 kernels being produced. When back crosses were made on 
these Fi plants with pollen of the Aegilops parent, A. ovata^ only one 
kernel was produced by the 142 flowers pollinated. The pollen of 
T. spelta, T, dicoccum, and T. durum when used on these Fj ovata X 
vulgare plants did not result in the production of a single seed. 

Back crossing with Triticum vulgare pollen also resulted in seed 
production in one or more plants oi all of the remaining ovaia-Triti¬ 
cum h^^brids, except those in which T, compactum or T. monococcum 
was used, in which cases back crosses were not attempted. Back 
crosses with T. turgidurn pollen resulted in seed production only in 
the A. ovata X T. spelta hybrid. Seed was produced in the A. ovata 
X T durum hybrid when pollinated by T. vulgare^ T. spelta^ T. 
dicoccumj T. durum^ and A. ovata. Other attempted back crosses on 
A. ovata X Triticiun hybrids were without result. Since a complete 
series of back crosses was not attempted, and conditions affecting 
those made were not fully comparable, the relative fertility of differ¬ 
ent hybrids and the effectiveness of pollens from different sources is 
not definitely established. 

Back crosses on the hybrids between Aegilops triuncialis and 
Triticum were partially elective in each case when vulgare pollen 
was used, seed heing produced by the Fj of the triuncialis crosses 
with vulgare, spelta^ and durum. *^The triuncialis X vulgare hybrids 
produced seed from back crosses only when vulgare pollen was used 
and three plants of this hybrid were self-fertile. The triuncialis X 
compactum hybrids produced seed from back crosses with compactum, 
spelta, and durum. The triuncialis X spelta hybrids produced seed 
from back crosses with vulgare, spelta, and durum. The triuncialis X 
durum hybrids were the most generally responsive to back crossing, 
seed being produced from pollinations by vulgare,^ spelta, dicoccum, 
dicoccoides, and durum, the only species used in back crossing. 
Pollen of triuncialis was not effective in back crosses on hybrids of 
which it was one of the parents. 

Of the 3,088 F^ Aegilops ovata X Triticum flowers pollinated with 
wheat species, 73, or 2.4 per cent, set seed, while of the 2,150 Fj 
A. triuncialis X Triticum flowers similarly pollinated, 59, or 2.7 per 
cent, set seed. The two groups of hybrids thus appear to be about 
equally responsive to back crossing. 

The low degree of self-fertility exhibited by these hybrids, and the 
increased but still low seed production resulting from back crossing, 
just cited, are in marked contrast to the results obtained in the 
original crosses. When ovata and triuncialis were crossed with 
different species of wheat as pollen parents, about 45 per cent of the 
pollinations were successful. It is plainly evident that the success 
attained in the original cross is no index of the fertility in the Fi 
generation. 

La this connection it should be noted that Fi hybrids involving 
both Aegilops ovcda and A. triuncialis, of which durum wheat was 
am parent, were the most generally fertile of all the hybrid com- 
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binations studied, on back crossing with the different wheat species. 
The A, ovata X Triiicum durum hybrid produced seed w'hen back 
crossed ydth 4 different Triticuni species and also with ovata^ and 
the triuncialis X durum h^-’brid produced seed when back crossed 
with 5 different Triticum species. Self-fertility also was present in 
certain plants of each ^*oup of these durum hybrids. 

The reason is not evident for this apparently greater compatibility 
between Triticum durum and the two species of Ageilops used than 
was found in hybrids vith other species of Triticum. The chro¬ 
mosome number in durum is 14 (haploid), the same as in ovata^ but 
iurgidunh dicoccum, and mlonicum also have 14 chromosomes, so 
the chromosome number does not appear to be the decisive factor. 
Backcrosses with wheats with 14 and 21 chromosomes also were 
about equally effective in seed production. The Fj plants of these 
durum hybrids made a vigorous growth, but did not exceed certain 
other h^dDrids in this respect. It appears, then, that there is a rel- 
ativelv greater degree of compatibility between certain durum wheats 
and tke species of Aegilops used, than between the other wheat 
species and these Aegilops species, for which no satisfactory explana¬ 
tion can be given. 

A STUDY OF THE SO-CALLED AEGILOPS SPELTAEFORMIS 

The plants obtained as a result of back crossing the Fi of Aegilops- 
Triticum h^-^brids mth pollen of wheat sometimes have been known 
as A. speltaeformis. Jordan (fj), who first proposed tins name, 
believed that such plants formed a natural species. 

The present hybridization studies have resulted in the produc¬ 
tion of many siich plants, some of which already have matured. 
Data obtained on ei^t plants of this kind are given in Table 6 and 
spikes from three plants are shown in Figure 18. Seven of these 
plants were developed bv back crossing the Fi Aegilops ovata X Trit- 
icum vulgare hybrid with T. vulgare pollen, and one by similar back 
crossing with T. spelta pollen. 

Table 6 . —Data on height^ dehiscence of anthers^ and number and percentage of 
seed produced on eight plants of Aegilops-Triticum parentage by selfing and by 
pollination with wheat 


Parentage of plants 

Height 

of 

plant 

Anthers 

deWscing 

Number' 

Seed set 

Number 

of 

Seed set 

of ' 
flowers 
selfed ; 

Number 

Per cent 

flowers 

pollinated 

with 

wheat 

Number 

Per cent 

1. (A. ovata X T. vul- 

36 

All. 

262 

1 

0.38 

22 

1 

4.55 

gare) X T. vulgare. 









2. Do... 

34 

All. ^ 

188 ' 

17 


56 

9 

16 07 

3. Do. 

30 

None.... 

222 , 

0 

0.00 

168 

9 

A 36 

4. Do. 

26 

Part-,.. 
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These plants varied in height from 26 to 36 inches, averaging 32 
inches. The anthers dehisced fully in three of these plants, partly in 
three plants, and not at all in two plants. Four of the plants pro¬ 
duced from 1 to 17 seeds by self-pollination, the percentage of self- 





Fig. 18.—il, jB, C, Spikes of the so-called Aegilops speltaeformis. (See text) 


fertility varying from 0.8 to 9.04 per cent. Seven of the plants 
produced from 1 to 43 seeds when pollinated with wheat, the per¬ 
centage of the flowers setting seed varying from 1.39 to 30.28 per 
cent of those pollinated. 
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These results are comparable to those of Fabre and Godron who 
obtained plants of the so-called Aegilops speltaeforrais which appar¬ 
ently were seK-fertile. 

SUMMARY 

This paper reports the results of an extensive series of hybridiza¬ 
tions of Aegilops ovata and A. triuncialis with Triticum monococcumj 
T, dicoccum, 21 dicoccoides, T, durum, T, polonicum, T. turgidum, 
T, coinpactura, T, spelta, and T. vulgare, and also with Secale cereale. 
^4. ventricosa also was used in a few cases. 

Of the flowers of Aegilops ovata pollinated by Triticum, 44.6 per 
cent produced seed; and of A. triuncialis flowers so pollinated, 45.5 
per cent produced seed. Reciprocal crosses resulted in 3.1 per cent 
of fertility with A. ovata pollen on Triticum species, and 10.4 per 
cent with A. triuncialis pollen. When Secale eereale pollen was used 
on -^4, crvata and A. triuncialis flowers the percentages of fertility 
were 28.3 per cent and 50 per cent, respectively- Seeds obtained in 
Aegilops-Secale crosses were poorly developed and germinated very 
poorly, and the plants obtained have been entirely sterile. 

Fj plants were matured from crosses between Aegilops ovata and 
one or more varieties of each species (or subspecies) of Triticum 
named, and also Secale eereale; the same is true for A. triuncialis, 
except in the cross with T. monococcum. Although there is a general 
resemblance of the F^ plants to the Triticum parent, Aegilops charac¬ 
ters predominate. 

Self-fertility was shown to exist in the F^ of Aegilops-Triticum 
hybrids, although self-sterility is by far the most common condition. 

Numerous backci’osses were made on the F^ plants, pollen from 
the parental and other ^ecies being used in many cases. Of the 
Aeguops ot’^ato-Triticum flowers pollinated by Triticum ^ecies, 2.4 
per cent produced seed; of the A. triuncialis-Triticvm Juowers, 2,7 

g er cent. Two seeds were produced in 214 F^ A, <wata-Triticum 
owers pollinated by A. ovata pollen. A, ovata and A, triuncialis 

g oUen did not produce seed when used on F^ A. inunciaZia-Triticum 
owers. 

Hybrids in which Triticum durum was one parent were the most 
generally fertile on backcrossing, and were at least equally self- 
fertile in comparison writh other hybrid combinations. 

Plants obtained by backcrossing the F^ of Aegilops-Triticum 
hybrids with pollen of wheat, often called A. speltaeformis by earlier 
writers, were partially self-fertile. 
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ANATOMY OF THE VEGETATIVE ORGANS OF THE SUGAR 

BEET* 


By Ernst Artschwager 

Associate Pathologist, Office of Sugar Plants, Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

The first critical description of the structure of the sugar beet was 
published by van Tieghem {15) f He traced the ontogeny of the 
primar}’tissues and the mode of origin of the supernumerary cambiums 
and the endodermis, deriving both these tissues from the pericycle. 

Later investigators—de Bary (f), Morot (7, p. Fron (5), and 
Strasburger {14 )—mainly substantiated the work of van Tieghem. 

As the early investigations were chiefly concerned with the origin 
and nature of the anomalous growth of the beet, they were naturally 
limited in their scope. An insight into the organization of the plant 
in its entirety was given by Droysen (4) and deVries {16), and the 
work of the latter has remamed a classic to the present day. 

As the sugar beet gained in importance as an economic plant, a 
series of both technical and popular papers appeared dealing with 
certain features of the beet structure. The popular articles were 
largely hj Briem {2), and were intended to give information to 
beet powers. Of the purely scientific papers, the account of Wiesner 
{17) deserves first mention. This contains an accurate description 
and classification of the different tissues of the beet, with special 
emphasis on the composition of the walls of the storage parenchyma. 
An understanding of the localization of the sugar in the different 
tissues was obtained through the researches of Peklo {8) and Colin 
and Grandsire (3). 

Numerous attempts were made to correlate anatomical structure 
and sugar content, in the hope of arriving at better methods of selec¬ 
tion in breeding for higher sugar content. The futility of these 
attempts is shown by the contradictory evidence obtained by Schind¬ 
ler {11), Briem {2), Schneider (12), reklo (3), Geschwind {6), and 
numerous others. 

Certain features of the anatomical structure have been critically 
reinvestigated in the last two decades. Through the work of Plaut 
{9), Eiiggeberg {10), and Seeliger {IS) there is now a correct tmder- 
standing of the structure and distribution of the endodermis, the fate 
of the primary cortex, and the development of the primary and 
secondary tissues of the beet. The detailed and painstaking in¬ 
vestigations of Seeliger have led to a modification of van Tieghem^s 
concept of the origin of the supernumerary cambiums which had been 
taken over unreservedly by other investigators. 

The object of the present paper is to give a compendium in the 
English language of the present knowledge of the structure of the 

1 ReceivcNi for publication Dec. 11,1925; issued July, 1926. 
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sugar beet. The results of earlier investigations, carried on by 
different writers and at different times, were in need of testing; and 
further investigations were necessary in order that there might be 
obtained a picture of the inner organization of the beet which would 
be in harmony with present ideas. Comparative studies, so necessary 
for the proper evaluation of the normal anatomical picture, were 
limited to imperative requirements, but they will be extended by 
subsequent investigations. 

MATERIAL AND METHODS 

The material was obtained partly from seedlings grown in the 
greenhouse, and partly from beets growing in the field in Colorado. 
The material was fixed with Flemming’s medium solution and stained: 
(a) Delafield’s haematoxylin and safranin, (6) Haidenhain’s haema- 
toxylin and safranin, (c) analine blue and safranin. Free-hand 
sections were examined in chloriodide of zinc or stained with phloro- 
glucin and hydrochloric acid . counterstained with chloriodide of 
zinc. Cork membranes were stained with Sudan glycerin. 

All drawings are from photomicrographs, which were taken on 
Wratten M plates with B 58 and E 22 filters used singly and in 
combination. 

GROSS MORPHOLOGY 

Beta vulgaris L, is a herbaceous dicotyledon, a member of the 
Chenopodiaceae. It normally completes its vegetative cycle in two 
years. During the first year it develops a large succulent taproot 
in which much reserve food is stored, and during the second year it 
produces flowers and fruits. 

The mature beet is an elongated pear-shaped body composed 
morphologically of three regions—the crown, the neck, and the root. 
The crown is the broadened, somewhat cone-shaped apex. It bears 
a tuft of large succulent leaves and leaf bases. Adjoining it is the 
neck, a smooth narrow zone which is the broadest part of the beet and 
which constitutes ontogenetically the thickened hypocotyl. The 
root region, which forms by far the bulk of the beet tissues, is 
cone-shaped and terminates in a slender taproot. It is flattened on 
two sides, and often is more or less markedly grooved. The two 
depressions extend vertically downward or form a shallow spiral, and 
contain the lateral rootlets indistinctly arranged in two double rows. 
The surface of the beet is covered by a thin cork layer yeUowish-white 
in color except on the aerial parts and at places of injury. 

A well-formed beet has only one taproot. Occasionally the taproot 
branches and forms a number of thick stubby roots. The lateral 
roots are filiform, and originate from the two-arch xylem plate or 
from more peripheral rings of growth. 

The leaves are arranged on the crown in a close spiral with the 
divergence of 5/13. The cotyledons, however, are arranged in 
opposite and decussating pairs. The lamina of the leaf is elongate 
triangular with rounded tip and undulate margin; the base is 
cordate and decurrent on the petiole, the latter being triangular in 
cross section and more or less flattened at the base. The venation 
is of the netted type. Lateral branches arise from a strongly devel¬ 
oped inidrib. These run obliquely outward, but before reaching 
the periphery they bend abruptly, run parallel with the surface, and 
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unite with the terminal ends of other lateral veins. The smaller 
veins anastomose freely, with the ultimate branches ending blindly 
in the parenchyma of the intercostal fields (fig. 1, A, B; fig. 10, Bj. 

Unlike most" cultivated plants, the beet shows a striking lack of 
uniformity in foliage characters. The most diverse types may be 
found growing side by side; plants with erect or flat foliage; short or 
long petioles, with lamina triangular or oblong; and strai^t or wavy 
margin and smooth or crinkly surfaces. There is also a great varia¬ 
tion in the texture and thickness of the leaves as well as in the color, 
which may be either a dark green or a light olive, with numerous 
gradations between the two. When this paper vras written investiga¬ 
tions were underway with the object of isolating distinct foliage 
types in the hope of getting them sufficiently pure to breed true to 
form. 

ANATOMY 

STRUCTURE OF THE MATURE BEET 

A median horizontal section through a mature beet shows a number 
of annular zones or rings of growth wiiich are more or less equidistant, 
except near the periphery where they are very close together (fig. 2, 
A, B). Often, instead of a complete ring, smaller or larger segments 
of rings appear here and there; these are connected by their margin 
to the next inner ring. The center of the cross section is occupied 
by a two-lobed, more or less star-shaped core (fig. 3) from which 
radiate horizontal strands of vascular tissue—the root traces. 

Each annular zone of growth is made up of a narrow ring of vascular 
tissue and a broad band of storage parenchyma. The ring of vascular 
tissue is composed of numerous collateral bundles separated from 
one another hj medullary-ray tissue of varying width (fig, 4), In 
median longitudinal section the bundles of an individual ring are 
seen to anastomose tangentially, and between the bundles of suc¬ 
cessive rings there are obliquely descending radial connecting bundles. 
In the narrow tapering zone of the beet the number of annular rings 
decreases as the rings gradually imite with one another. A xmion of 
the rings is also effected in the apical leaf-bearing end, but here it 
is brought about by the passing out of the leaf traces. Each leaf is 
supplied with a number of traces of different degrees of development. 
The central trace extends horizontally through the complete radius 
of the cross section; the lateral traces do not extend so far, or they 
may even remain at the periphery. Owing to this arrangement, as 
pointed out by de Vries (16 ), the traces of one and the same leaf attach 
themselves to different annular rings, and, since they also tend to 
anastomose with one another, the relationship between all the leaves 
and the annular rings becomes very intimate. 

The neck of the beet has, on the whole, root structure, except that 
in the upper region the central core opens up and incloses pith. As 
the neck passes* into the crown this pith widens and frequently be¬ 
comes hollow. 

The composition of the vascular tissue is more or less alike for all 
bundles, writh the exception of the central core and the peripheral 
region. The latter, however, differs only in that its bundles are 
immature, often represented only by imdiflerentiated cambium. The 
central core, on the other hand, exhibits a fundamental difference in 
that it contains both primary and secondary tissues. Its composi¬ 
tion will be described in detail imder development. 
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Fig. 1.—it. Part of beet leaf bleached to show venation. Note appearance of terminal veins ending 
blndly in tbe parenehyma. Bark spots are aggregates of calcium oxalate located in certain cells 
of Hie cmtral mesophyll. X 66. J5. Cross section throng a thick leaf. Note that all of the 
imesQp^ll consists of palisade cells, x 272 
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Fig. 2.—Partial cross section of a mature beet, X 4.75. P, Cross section of mature beet, 
natural ^sse. Section treated with phlca-ogludn-hydrochloric add to bring out the vascular 
bundles 
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The bundles of the mature rings are widest in the region of the 
cambium and taper gradually toward the phloem and xylem pole. 
This gives them the appearance of a double wedge. 

The xylem is formed of a radial row of vessels with some lateral 
thick-walled tracheids and wood parenchyma (fig. 5, A, B). Fibers 
are found in only the oldest rings of the hypocotyl. The vessels are 
reticulate; the large ones are porous and have short articulations; 
the cross walls are strictly transverse but often sloping. The small 
vessels are more like tracheids, much pointed but porous. Typical 
tracheids are found only occasionally. The wood parenchyma is 
elongated and pointed, sometimes cross septate. The walls are per¬ 
forated by numerous pits; the latter are round, sometimes lathyrate. 
The fibers, whenever they occur, are elongated and intertwine with 
their tips. In cross section the fibers are round or prismatic. The 
cells surrounding the xylem are thick walled and collenchymatous 
and lack intercellular spaces. 

The phloem is composed of sieve tubes, companion cells, and phloem 
parenchyma (fig. 6, A, B; fig. 7, A). The sieve tubes have terminal 
as well as lateral sieve plates (fig. 7, B), which soon become covered 
with callus. The companion cells are of the same length as the sieve 
tubes, but sometimes they become cross septate. The phloem paren¬ 
chyma cells are elongated and pointed, often also cross septate. There 
are numerous cells transitional to the typical storage parenchyma. 
The walls of the phloem parenchyma cells are strongly pitted, and 
the corners of all three types of pnloem cells are more or less collen- 
chymatously thickened. 

The first-formed phloem groups of a bundle are seen as small 
obliterated areas recognizable only by their staining reaction. They 
occur commonly at some distance from the bundle due to enlarge¬ 
ment and division in the phloem parenchyma. 

Between the different bundles of a ring lies a narrow band of inter¬ 
mediate tissue, which, with reference to the bundle itself, is like a 
normal medullary ray. The parenchyma of these rays consists of 
radially elongated cells which undergo tangential divisions as the 
annular zones increase in diameter, secondary medullary rays fre¬ 
quently develop inside the vascular bundles, causing a forking of the 
latter. 

The concentric rings of vascular tissue are separated from one 
another by broad bands of storage parenchyma. The cells are large 
and almost spherical, the walls thin and extensively pitted. The 
outer and inner peripheries of this interzonal parenchyma contain 
vascular elements in addition; the outer periphery scattered xylem 
cells, the inner periphery obliterated phloem. 

The lateral roots of the beet are very thin and are covered for a 
considerable distance with root hairs. The anatomical picture of 
root structure in these roots differs from that of the thickened 
taproot in a preponderance of xylem cells, especially vessels (fig. 8). 
Kay parenchyina is practically wanting. Often the primary xylem 
plate is triarch instead of diarch, as is always the case in the taproot. 

STRUCTURE OF THE LEAF 

As seen in cross section, the vascular tissue of the petiole (fig. 9, 
A, B) forms a triangle which gradually widens basipetally. The 
number of bundles varies with the size and development of the leaf. 
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As tlie petiole merges into the midrib the number of bundles decreases, 
in that progressively more and more bundles fuse with one another. 
The large bundles of the petiole run separately from the base of the 
petiole to the insertion point of the lamina, while the smaller ones 
anastomose freely and form a network of wide meshes. The bundles 
are surrounded on all sides by cortical tissue which merges into col- 



Pig. 3.—Central core of a young, actively growing beet. X 118 


lenchyma just beneath the epidermis. The extent and distribution 
of the collenchyma can best be seen in Figure 9, A. This tissue 
forms a continuous band near the center of the abaxial surface and 
is otherwise limited to the projecting ridges. In the midrib it 
forms a continuous layer on both upper and lower surface. 

The epidermis of the petiole is made up of elongated rectangular 
cells where it covers the collenchyma, and of somewhat elongated, 
1505—26-4 
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more or less polygonal, cells where it abuts directly on cortical paren¬ 
chyma. The epidermis contains numerous stomates (fig. 10, A), 
except in the regions of collenchyma development. The cells of the 



Fig. 4.—Vascular bundles from the outer zone of mature beet. pJi, pbloem* c 
cambium; x, xylem, X 100 ’ ' 

petiolar cortex are large, more or less barrel shaped, and are separated 
oy large interceUular spaces. The peripheral cells contain chloro- 
ph:yU; others, more or less scattered throughout the tissue of the 
petiole, contain crystal sand. 
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Fig, Typical bundle from mature beet. The sieve tubes show callus deposit 
and partial degeneration. X 170. B. Partial cross section of mature bundle. The 
parenchyma cells next to the xylem are thick walled and are spoken of as ''sugar* 
sheath." X 600 
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Fig, 6.— A, Badial section of phloem and cambium of actively growing ring. 
X 100, B, Eadial section of phloem and cambium. X 260 
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The histological com¬ 
position of the vascular 
tissue is that of typical 
collateral bundles. The 
phloem forms a narrow 
zone composed chiefly of 
sieve tubes with their 
companion cells and 
some phloem parenchyma. 
Above the phloem is a 
large sclerenchyma cap 
(fig. 11). A much less 
developed cap consisting 
of elongated thick-walled 
cells is found on the 
xylem pole of the bundle. 
Adjoining the latter is the 
protoxylem, interspersed 
with thin-walled fibers. 
The secondary wood forms 
a thick layer composed 
of numerous wide and 
narrow vessels and thick- 
walled fibers. Between 
xylem and phloem is the 
cambium formed of regu¬ 
lar rectangular cells. 

The epidermis of the 
lamina is unusual in being 
similar oh both surfaces. 
The upper surface has 
irregular polygonal cells 
with tortuous walls (fig. 10, 
A). Toward the apex the 
cells become smaller. 
Here and there are small 
polygonal cells, the re¬ 
mains of young ephemeral 
hairs. In certain types of 
beets the mature leaves 
have very long, multicellu¬ 
lar hairs, especially along 
the veins. Such leaves 
were sent to the writer 
from Rocky Ford, Colo., 
by A. W. Skuderna, who 
finds associated with this 
hairiness a high resistance 
to the leaf-spot disease. 
The cells of the lower 
epidermis areslightly more 



Fig. 7.— A. Mature phloem; the companion cells shew granular 
content. X 1,000. JB. Mature sieve tube with lateral sieve 
plates. X 1,000 
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irregular and the walls more tortuous. The stomates are of a 
simple type. The pores are surrounded by a pair of specialized 
guard cells which contain numerous chloroplasts. There are no 
accessory cells. 

Stomates are found on both upper and lower surfaces (fig: 10, C), 
but are more numerous on the lower. De Vries {16) found on the 
upper surface an average of 91, and on the lower an average of 144 



Fig. 8.—Cross section through tip of taproot. X 77 


per square millimeter. Droysen {Jj) found 114 and 162, respectively. 

In determining the number of stomates only the degree of matu¬ 
rity of a leaf appears to be a factor. The size of the leaf as weU as 
the different local areas of the lamina—apex, base, margin, mid^e— 
play a lesser r61e. It was found that the regional distribution shows 
as great variation as the fluctuation within the local areas themselves. 
Yoimg leaves have naturally the largest number of stomates; as many 
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Fig. 9.—Cross section of petiole near the lamina. X18. B, Partial cross section of basal 

petiole. X 28 








Fig. 10.—^, Upper epidermis, with stomates of mature leaf. X 296. JS, Margin of leaf with 
terminal veins. X 90, C. Cross section of mature leaf [diagrammatic]. X 240 
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as 300 and more have been counted per square millimeter. These 
large counts are due to the fact that the epidermal cells are very 
small and that the stomates have not expanded to their full size. 
In seemingly fully developed, though still young leaves, the number 



Fig. 11.—Cross section of petiolar bundle. X 303 


is still often quite high, with a maximum count of 240 on the lower 
surface. In lully matured leaves the number is less, but shows a 
great deal of fluctuation in the different foliage types. Table 1 gives 
the number of stomates on upper and lower surfaces of leaves of 
different color, size, and thickness. 
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Table 1.— Color, size, and thickness of leaves, and number of stomates 


Number of stomates 
per square millimeter 


Color and size of leaf 


Thickness 
of leaf 


Upper Lower 

surface surface 


Light green; medium_ 

Light green; large. 

Medium green; medium 

Light green. 

Dark green; large. 

Dark green; very large. 
Dark green; medium... 

Medium green. 

Light green. 

Dark green. 

Light green. 

Light green. 

Dark green. 

Light green. 

Dark green.. 

Dark green. 


Mm. 

0.32 

.48 

.35 

.58 

.48 

.56 

.28 

.41 

.36 

.45 

.41 

.40 

.72 

.64 

.36 

.45 


104 

100 

130 

74 

75 
60 
73 
57 
90 


77 

138 

88 

73 

103 

69 


122 

111 

145 

97 

90 

59 

79 

76 

114 

119 

99 

167 

111 

113 

316 

75 


According to de Vries (16) and Droysen (4), the size of the sto¬ 
mates on the upper surface is 23 by 32 microns, while the size of 
those on the lower surface is a trifle smaller. Although^ these figures 
represent an acceptable mean, there is nevertheless quite a fluctua¬ 
tion in size in the different parts of a leaf and in different foliage 
types. Very old leaves have very large stomates, sometimes as long 
as 45 microns. 

The mesophyll of the leaf is formed of parenchymatous tissue, 
the cells of which contain chloroi)lasts (fig. 10, C) and occasionally 
crystal sand. It is normally indistinctly divided into palisade tis¬ 
sue and spongy parenchyma. The palisade tissue is made up of 
small, more or less cylindrical cells; the cells of the spongy paren¬ 
chyma are slightly larger and roundish in form. 

The number of cell layers in a cross section of a leaf is practically 
constant, even though the thickness of the leaf varies greatly. In 
very thick leaves all cells are elongated into a uniform palisade tis¬ 
sue* (fig. 1, B), whereas in very thin leaves typical palisade cells are 
altogether absent and the entire mesophyll consists of very short, 
roundish cells. 

ONTOGENY 

Microscopically, the young seedling shows three regions: Kobt. 
hypocotyl, and cotyledons. The junction between hypocotyl and 
root is indicated by an abrupt tapering of the axis and the appearance 
of lateral rootlets. In very young seedlings this demarcation is less 
distinct. Seeliger {IS) includes in the root the region from the ro(^- 
cap to the pilnerous zone, while the hypocotyl extends from the 
piliferous zone to the insertion point of the cotyledons. 

The cotyledons are elongate elliptical, with the lamina narrowing 
at the base to form a short petiole. The anatomical structure is 
very simple. The tissue of the lamina is indistinctly divided into 
chlorophyll-bearing palisade cells and spongy parenchyma. The 
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latter contains numerous calcium oxalate cells. The epidermis is 
simple, and is composed of irregular polygonal cells with somewhat 
tortuous walls. There are numerous stomates distributed equally 
over the lower and upper surfaces. In the region of the petiole the 
epidermal cells become elongated, while the stomates become fewer 
and finally disappear. The conducting tissue is represented by fine 
collateral bundles which run longitudinally between spongy paren¬ 
chyma and palisade tissue. 

Both root and hypocotyl are terete. The center is occupied by a 
thin strand, of primary vascular tissue, which is inclosed by a cortex 
and bounded at the periphery by a single-layered epidermis. The 
epirdermis in the apical root region is specialized, in that many of 
its cells are elongated to form hairs. The epidermis of the hypocotyl 
is cuticularized and, like the older root zone, is devoid of hairs. 

The cortex is made up of three to seven rows of elongated barrel¬ 
shaped cells which are separated from one another by large inter¬ 
cellular spaces (fig. 12). The innermost layer of the cortex contains 
smaller and more regular cells; some of which contain crystal sand. 
Cortex and vascular tissues are separated by an endodermis. The 
cells composing thisdayer are four-sided and regular, and there are 
no intercellular spaces among them (fig. 12, D). The root tip, with 
the exception of the first few miUimeters, has a primary endodermis 
which is characterized by the Casparian strips along the radial walls. 
Plant 09) made a special study of the development of the endodermis 
of the sugar beet, and his findings were substantiated by this investi¬ 
gation. The primary endodermis extends axially over a distance of 
3 centimeters, when it becomes secondary, which state is character¬ 
ized by the development of a suberin lamella over the entire surface. 
The cells of the endoderm,is which lie opposite the protoxylem points 
pass into the secondary state later than the cells in the other regions. 
In the lower region of the hypocotyl the endodermis becomes pri¬ 
mary again and finally disappears. In somewhat older seedlings, 
according to Kiiggeberg (10), tixe primary endodermis extends within 
a few millimeters of the apex of the hypocotyl and assumes the 
secondary state as soon as the cortex no longer offers protection to 
the vascular tissue. 

The central cylinder of root and lower hypocotyl is made up of a 
diarch protoxylem plate with alternating phloem groups, a single- 
layered pericycle, and a band of parendiyma between xylem and 
phloem (fig. 13). In the upper hypocotyl, however, phloem and 
xylem form collateral bundles while the center of the stele is occupied 
by a pith (fig. 14, B; fig. 18, B). The change in the arrangement of 
the vascular tissue which takes place in the upper hypocotyl is de¬ 
scribed in detail later. 

The pericycle of the young stele forms a single-layered concentric 
ring next to the endodermis (fig. 13). Its cells are uniform in shape 
and more or less rectangular. Its embryonic progenitors are like the 
other parenchyma cells. Soon, however, they begin to divide and 
elongate axially. They remain small in cross saction while the cells 
of the endodermis greatly enlarge. 

Differentiation of the primary vascular tissue takes place close 
behind the growing region. Here the procambium forms a dense 
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Fig. 13.— -jI. Cross section through young beet seedling. X 365. c, eorte.x; cp, epidermis; r??, endodermit; 
p/i, phloem; i. p., interstitial parenchyma; p, pericycle; a:, xylem. B. Partial cross section of young beet 
seedling. X 476. 'Phe interstitial parenchyma in which the primary cambium originates is much more 
developed hero than in A 


162 


Journal of Agricultural Research voi. 33, no. 2 



Fro. Cross section of young fceet root. X 465. Note the 

formation of the first two sieve tubes of the vascular tissue. (See 
legend of Figure 15, A, for identification of issues.) B. Median 
longitudinal section of young seedling. X 46 


tissue composed of elon¬ 
gated thin-walled cells. 
Specialization in these 
cells begins at a distance 
of about 2 millimeters 
from the calyptrogen. 
Two cells, lying adjacent 
to the pericycle and 
separated from one an¬ 
other by an angle of 180 
degrees, have enlarged 
and divided to form the 
first sieve tubes and 
companion cells of the 
primary phloem (fig. 14, 
A; fig. 15). The sieve 
tube commonly abuts on 
the pericycle, but in the 
upper hypocotyl, accord¬ 
ing to Seeliger [IS), the 
companion cell lies ad¬ 
jacent to the pericycle 
and the sieve tube next 
to it. Soon after the 
first phloem cells have 
differentiated, two other 
procambium cells which 
lie to the right and left of 
the sieve tubes undergo 
changes and mature into 
the fmst elements of the 
protoxylem. Differenti¬ 
ation in the protoxylem 
progresses centripetally 
until the two protoxylem 
points meet in the center 
to form the primary 
xylem plates. Fromnow 
on xylem cells mature to 
the right and left of the 
xylem plate until all the 
cells of the primary wood 
have been formed (fig. 
16). The first-formed 
xylem cells are narrow 
elongated elements with 
sloping or transverse end 
walls. They have sec¬ 
ondary wall thickenings 
in the nature of rings 
or spirals. The later- 
formed cells are larger 
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in cross section but 
shorter longitudinally. 
They are reticulate or 
form transition stages 
to the spiral or ringed 
forms. The first- 
formed xylem elements 
are the protoxylem 
while the later-formed 
cells constitute the me- 
taxylem of the primary 
wood. 

Differentiation in the 
phloem is less readily 
followed, because of the 
small size of the ele¬ 
ments. Seeliger (13) 
states that the meta¬ 
phloem diff eren tia tes 
from procambium one 
or more cells to the in¬ 
side of the pericycle. 
This later-formed phlo¬ 
em is made up of sieve 
tubes, companion cells 
and phloem parenchy¬ 
ma. In the region of 
the hypocotyl, xylem 
and phloem form col¬ 
lateral bundles in which 
the protoxylem is end- 
arch. The change from 
the exarch^condition in 
the root to the endarch 
condition in the upper 
hypocotyl is very ab¬ 
rupt, with the transi¬ 
tion region extending 
over only a few milli¬ 
meters. In this pro¬ 
cess, progressively dif¬ 
ferently situated pro¬ 
cambium cells mature 
into vascular tissue. 
The two poles of the 
xylem plate, which in 
the root meet in the 


through large seedling root of the same age. X^5. The first sieve ^ i? 

tube and companion cell have differentiated, but no xylem. C. lailure 01 tUC procam- 
Cross section of a somewhat older root. X 580. Note the increase fViio i-r, 

in the amount of phloem DlUm in iniS leglOn tO 
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Fig. 16,-4. Cross section through young beet seedling root, showing development of primary xyleni plate 
and the initiation of the primary cambium. endodermis; p, pericycle; pft, phloem; n.c., normal 
primary cambium; j, xylem. X 373. B, Cross section through older seedling, showing development 
of the secondary cambium, en, endodermis; p, pericycle; 5.c., secondary cambium; o.pA., obliterated 
protophloem; pA, phloem; w. c,, normal primary cambium; x, xylem. X 373 
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mature into xylem elements. Xylem differentiation becomes instead 
more prominent on either side of the two strands whereby the latter 
change their shape at first to triangular (fig. 17) and then to oval. 
Later-formed elements appear more and more to the inside until in 
the upper region of the hypocotyl the change from the exarch to the 
endarch arrangement has been completed. The phloem is also 
affected in this change from root to stem structure. The two phloem 
groups become divided, each forming two strands. Then two and 
two halves of opposite groups approach each other and come to lie 
external to the xylem with which they now form collateral bundles. 
While the central cylinder increases in size the cells of the cortex 



Fig. 17.—Cross section through hypocotyl of beet seedling. The xylem is changing from the exarch 
to the endarch condition. X 435 


grow but little. They are at first passively stretched but later 
rupture and collapse. These changes are externally visible by the 
appearance of fine fissures which gradually widen, and finally the 
cortex is sloughed off. 

This process takes place earlier in the root region than in the 
hypocotyl. In the latter the changes in the cortex due to radial 
expansion of the stele cause first an extension of the endodermis 
from the lower hypocotyl to the immediate vicinity of the growing 
region of the crown. Concomitant with the sloughing off of the 
cortex is the development of a periderm, which takes over the pro¬ 
tective function of the primary cortex. Since the protoxylem is 
1505—26-^5 
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formed in a region where there is much change and enlargement in 
radial and tangential directions, the elongation of the surrounding 
tissue causes the rings of the elements to be pulled farther apart, 
and, as the stretching continues, the cells may be flattened until the 
lumen is closed. Metaxylem and wood-parenchyma remain un¬ 
changed, but, according to Seeliger (13), suffer displacement due to 
radial contraction of the root, which takes place simultaneously with 
the development of the secondary tissues. 

SECONDARY GROWTH 

The primary growth of the beet is concluded with the appearance 
of the second pair of leaflets; this normally takes from 10 to 12 days 
after the seed is planted. The largest diameter of the beet at that 
stage is at most only a few millimeters, while that of the mature beet 
is 15 centimeters or more. This increase in thickness is the result 
of cambial growth accompanied by independent cell division and 
cell enlargement of the parenchyma. 

Cambial activity embraces two distinct phases: Differentiation 
and growth of the primary cambium and development of secondary 
cambiums. The primary cambium forms the innermost annular 
zone in the beet, while the secondary cambiums form a large number 
of supernumerary rings, of which,'however, only the inner five or 
six mature their tissues. Since the origin of the primary and second¬ 
ary cambiums differ, their development will be studied separately. 

Development op the Primary Cambium 

In the following description, unless stated differently, the ana¬ 
tomical picture is that of the lower hypocotyl or upper root region. 
Since growth and maturation of the tissues takes place acropetally, 
sections lower down will give younger developmental stages, those 
hi^er up more advanced ones. 

when a seedling is about 10 days old and the second pair of leaflets 
becomes visible (fag. 12, A), the parenchyma cells between the pri¬ 
mary xylem and phloem begin to elongate axially and undergo tan¬ 
gential division. A new meristematic zone thus arises which be¬ 
comes the primary cambium and as such develops xylem and phloem 
in the normal manner. This cambium appears at first in the region 
of the two phloem poles, but gradually extends laterally over the two 
protoxylem points. In the latter case, however, the divisions which 
give rise to the cambium take place in the pericycle. 

The xylem formed by the cambiimi unites intimately with the 
metaxylem of the primary wood (fig. 18, A). Occasionally, accord¬ 
ing to de Bary (Jf), a layer of parenchyma is interpolated between 
primary and secondary xylem. The zone in front of the protoxylem 
points remains free from secondary xylem: here the cambium forms 
parenchyma tissue which forms the two primary medullary rays. 

Simultaneously with the formation of secondary xylem, the cam¬ 
bium is forming phloem centrifugally. This secondary phloem, like 
the xylem, becomes continuous with the primary tissue and indistin¬ 
guishable from it (fig. 12, D). While the secondary phloem is form¬ 
ing, the primary phloera parenchyma enlarges and divides, thereby 
forcing the groups of sieve tubes apart; and since the latter have 
ceased development, they are at first stretched and finally obliterated 
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(fig. 12, C). The primary cambium continues active gi'owth, but 
its office is soon to be yielded to another meristematic layer—the 
secondary or supernumerary cambium. 

Development of the 
Secondary Cambium 

The origin of the 
secondary cambium 
is not uniform for 
different regions of 
the beet, and even 
similar regions show 
pronounced devia¬ 
tions. The situa¬ 
tion is perhaps best 
j portrayed by the fol- 
' lowing remark o f 
Seeliger {18) in the 
summary of his de¬ 
tailed ontogenetic 
studies: ^^In the de¬ 
velopment of super- 
numei'ary tissues it 
is not the morpho¬ 
logical origin of a 
cell but its topo- 
graphic relation to 



Fig. 18.—a. Cross section through a young beet seedling,showing devel¬ 
opment and activity of the primary and secondary cambiums. X 85. 
(See legend of Figure 16, B, for identification of tissues.) B. Cross 
section through the upper hypocotyl of the same seedling. X 85 


neighboring tissues 
which determines its 
futm'e.” 

In the early devel¬ 
opment of the seed¬ 
ling the first phloem 
cells develop adja¬ 
cent to the pericycle, 
and the later devel¬ 
oped metaphloem is 
separated from the 
pericycle by a single 
layer of undifferen¬ 
tiated procambial 
tissue. The cells of 
this layer enlarge and 
subsequently divide, 
thereby interpolat¬ 
ing an ever-widening 
band of parenchyma 
between pericycle 
and phloem (fig. 15, 
B). This band of 
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parenchyma is not of uniform width, partly because cell division 
in the primary phloem parenchyma causes certain of the phloem 
groups to remain close to the pericycle. Seeliger does not mention 
this mode of development, but derives all this tissue from divisions 
in the phloem parenchyma. Soon there appear periclinal division 
walls in certain cells of this band, initiating the development of a 
secondary cambium. In the region of the protoxylem points, of 
course, the secondary cambium originates just as does the primary 
one in the pericycle (fig. 12, B). 

This mode of development is characteristic for the root and the 
lower hypocotyl. In the upper hypocotyl the cambium arises alto¬ 
gether in the pericycle, while the central hypocotyl shows transition 
stages with more and more pericycle cells taking part in cambium 
formation as the apical region is approached. 

Once initiated the cambium will produce an annular zone of 
bundles and parenchyma tissue. Since, however, additional cam¬ 
biums are formed, the behavior of the first cambium initial differs 
from the normal behavior of cambium cells. When the cambium 
initial undergoes the first division, the outer of the two daughter 
cells becomes the initial of a new supernumerary cambium, while the 
inner daughter cell divides further and produces xylem, phloem, and 
medullary ray tissue. This process is repeated until all supernumerary 
cambiums have been formed. However there is no uniform method 
governing the formation of the supernumerary cambiums. Often 
sections of two supernumerary cambiums originate simultaneously, 
one from an inner, the other from a more peripheral phloem paren¬ 
chyma cell. Since most of the supernumerary cambiums of the beet 
are initiated in quick succession, a beet no thicker than a pencil con¬ 
tains practically all annular zones of growth developing simulta¬ 
neously. 

Periderm Development 

The periderm of the beet always develops from cells of the peri¬ 
cycle. Its formation is initiated when the seedling has about five 
pairs of leaves, that is, at a time when the supernumerary cambiums 
are forming and the primary cortex is being sloughed on, and since 
this process takes place first in the root zone, the periderm develops 
acropetally, extending gradually into the hypocotyl. Periderm 
development begins with a conversion of the cells of the pericycle, 
by tangential divisions, into a band of meristematic tissue, which 
constitutes the phellogen or cork cambium. From the phellogen are 
formed, by reciprocal division, cork cells outside and phelloderm 
cells inside. The number of phelloderm cells, however, is smaller 
than the number of cork cells, since the latter are constantly being 
sloughed off and must be replaced. On the whole the periderm forms 
a thin covering from five to eight cells wide (fig. 19). The individual 
cork cells have the form of a parallelepiped with a five or six sided 
base. The height is less than the diameter of the bases, thus giving 
the cells a flattened appearance. The walls of the periderm cells are 
thin and suberized, except the middle lamella which is lignified. 

DEVELOPMENT AND GROWTH OF THE ANNUAL RINGS 

As previously stated, the peculiar zonation noticed in a cross sec¬ 
tion of a beet is produced by concentric rings of vascular tissue 
inclosing broad bands of parenchyma. Near the periphery, however, 
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the rings are very narrow and the tissues just in the process of differ¬ 
entiation (fig. 20). By examining the different rings in centripetal 
order, one can easily follow out the ontogeny of a ring. 



Fig. 19.“-Radial section through periphery of mature beet, showing periderm, cortex, and cambium 
of the first ring, pd, periderm; $, c, secondary cortex; c, cambium; c', cambium of second ring. 

X 270 

The development and growth of the individual rings follows, in 
principle, the differentiation processes of ordinary collateral bundles, 
hut these are modified because of the interpolation of large amounts of 
storage pareaohyma inside the bundles. 
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The youngest ring, nearest the periphery, is composed of a multi- 
seriate cambium in which here and there a few cells have matured 
into small groups of sieve tubes and companion cells (fig. 21). In 
the second ring phloem differentiation becomes cmite general, and 



riG. 20.—Cross section of peripheral zone of mature beet. The rings are composed mostly of undif¬ 
ferentiated cambium and some phloem, X 90 


even in subsequent ones the extensive development of phloem domi¬ 
nates the anatomical picture. Following the differentiation of the 
first sieve tubes, phloem parenchyma is formed, and this subsequently 
divides and enlarges, pushing the first-formed groups of sieve tubes 
farther away from the vascular ring and finally obliterating them. 
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In general, the groups of sieve tubes appear in narrow radial bands 
broken up radially and tangentially by the larger cells of the phloem 
parenchyma. 

Centnpetally the cambium develops a broad band of parenchyma in 
which appear the first xylem cells; this occurs usually only after 
considerable phloem has been formed. In certain bundles, phloem 
and xylem differentiation appears to be reciprocal, but most often the 
appearance of xylem is belated. After the first few xylem cells have 
been formed, the cambium matures additional parenchyma and 
occasionally a xylem cell. Cell division in the parenchyma between 
the xylem continues irregularly, and as a result the xylem cells 
became displaced radially and tangentially and project far into the 
parenchyma (fig. 22). The cambium between the bundles gives rise 
to large-celled medullary-ray tissue. Where bundles are very close 
together the ray cells are small and radially elongated. 

The rings of vascular tissue are separated by broad bands of storage 
parenchyma. In the peripheral zone these bands are not more than 
one or two cells wide, and in places the phloem of the next inner ring 
abuts on the cambium of the outer ring (fig. 23). Since each super¬ 
numerary cambium is the direct descendant of the next older cambium, 
and since the first-differentiated phloem groups are sieve tubes, the 
band of interzonal parenchyma is ultimately the product of centripetal 
cambial growth. 

A close examination of the interzonal parenchyma shows that it is 
in reality made up of three regions: An outer, comparatively broad 
zone, containing scattered xylem cells; an intermediate, purely 
parenchymatous zone; and an inner zone containing obliterated 
phloem (fig. 2, A). As xylem differentiation is strictly centripetal the 
innermost xylem cells constitute the inner limit of the first zone, 
which is thus closely related to the vascular ring. The broad inter¬ 
mediate zone has been formed by cell division and cell enlargement 
of the pafrenchyma cells differentiated by the cambium previous to 
xylem formation. Finally, the inner zone is delimited centrifugally 
by the obliterated phloem and consists chiefly of phloem parenchyma. 
It is therefore the product of centrifugal growth of the older ring. 

SUMMARY 

The sugar beet is an elongated more or less pear-shaped body com¬ 
posed morphologically of crown, neck, and root. In cross section it 
appears to be made up of a number of annular zones or rings of 
growth, separated by bands of storage parenchyma. Only the four 
or five inner rings mature their tissues, while the peripheral ones 
remain in a more or less meristematic condition. 

The center of the beet is occupied by a solid, more or less star¬ 
shaped, core of which the innermost part constitutes the primary 
xylem plate. The latter is either directly continuous with the second¬ 
ary xylem of the core, or is separated from it by a concentric ring of 
parenchyma of varying width. 

The young seedling beet has a central strand of vascular tissue 
inclosed by a cortex and bounded at the periphery by an epidermis. 
The central strand is made up of a diarch protoxylem plate with 
alternating phloem groups, a single-layered pericycle and a band of 
interstitial parenchyma between xylem and phloem. 
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Fig. 22.— A, Young peripheral bundle of mature beet. X 510. ph, phloem; c, cambium; /, .\ylem. 
B. Older bundle, with parenchyma developing between the xylem cells. X 100. C. VeiT narrow 
bundle of the same age. A large amount of parenchyma has become interpolated between the vessels, 
forcing them farther and farther apart. X 100. J). Bundle of an older ring, which shows a larger amount 
of xylem. X 180 
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Fig. 23.—Ontogeny of the interzonal parenchyma of beet. A. Peripheral zone of an actively growing beet. 
The outermost ring comprises only one layer of cambium. The cambium of the second ring has already 
formed a group of sieve tubes and parenchyma. Note that the group of sieve tubes lies next to the cam¬ 
bium of the first ring. B. A more advanced stage than in A. C, The outer cambium has formed paren¬ 
chyma centripetally. In the next inner ring the first sieve tubes have become separated from later- 
formed ones by phloem parenchyma cells, c, cambium; s. t., sieve tube; ph. p., phloem parenchyma. 
J>. A more advanced stage. The first-formed sieve tubes project fax into the parenchyma of the ring 
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Secondary growth of the beet involves the activity of a primary 
cambium and of secondary cambiums. 

The primary cambium gives rise to the innermost annual ring in the 
beet. It arises in the interstitial parenchyma, except, of course, in 
the region opposite the two protoxylem points where it is derived from 
the pericycle. 

The first secondary cambium arises in root and lower hypocotyl 
from cells of the primaiy phloem parenchyma. Occasionally un¬ 
differentiated procambium cells between pericycle and phloem paren¬ 
chyma contribute to its development. In the upper hypocotyl it is 
derived from the pericycle, and in the intermediate hypocotyl both 
pericycle and phloem parenchyma contribute to its development, 
in the region opposite the protoxylem points, both primary and 
secondary cambiums are descendants from pericycle tissue. 

All other supernumerary cambiums stand for the most part in 
direct lineage with the first secondary cambium. 

The periderm is derived from the pericycle. It forms phellogen 
and phelloderm cells in reciprocal fashion. 

Practically all the supernumerary cambiums for the annular rings 
of the mature beet have been formed while the latter is no thicker 
than a lead pencil. The enoimous increase in the diameter of the 
beet is due to cell division and cell enlargement taking place simul¬ 
taneously in all the rings. 

The degree of development attained by the vascular tissue of a 
ring and the separating band of interzonal parenchyma varies greatly 
with different beets. In any given one, however, the innermost 
rings have the broadest band of parenchyma. 

The interzonal parenchyma in its entirety is made up of three 
regions: An outer zone containing scattered xylem cells, a central 
purely parenchyma zone, and an inner zone containing obliterated 
phloem. The first two zones have been formed by centripetal 
growth of the outer ring, while the third zone is the product of cen¬ 
trifugal growth of the older inner ring. 
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INSECTICIDAL VALUE OF CERTAIN WAR CHEMICALS AS 
TESTED ON THE TENT CATERPILLAR ' 


By F. J. Brinley 

Fruit-Insect Investigationsj Bureau of Entomology, United States Department of 

Agriculture ^ 

INTRODUCTION 

At the request of the Chemical Warfare Service of the War Depart¬ 
ment, the writer was detailed by the Bureau of Entomology of the 
Department of Agriculture to make a study of the chemical com¬ 
pounds developed by the Chemical Warfare Service during and 
since the World War, to determine their value as insecticides. The 
War Department has developed many new and interesting com¬ 
pounds, but the majority of them seem to have no practical value as 
insecticides and hence have not been studied in detail. All of the 
available compounds that were thought to have any possible value as 
stomach poisons, contact insecticides, or fumigants were tested for 
toxicity to insects and host plants. This paper is a general report of 
the experiments conducted with the various materials to learn 
something of their usefulness as stomach poisons and contact in¬ 
secticides. The report on fumigation will be presented later. 

Owing to the fact that a rather large number of compounds were 
to be tested, it was decided to conduct the experiments in such a 
way that only a general idea of the toxicity ox the compounds to 
insects and plants might be obtained, no attempt being made to 
determine the exact toxicity of any compound. It was considered 
that the results obtained with 10 to 25 insects in each test would be 
sufficient to furnish a basis for further study. 

The work reported here was conducted in cooperation with the 
Chemical Warfare Service at Edgewood Arsenal, Md., in 1924. 

EXPERIMENTS ON STOMACH POISONING 

Eastern tent caterpillars (Malacosoma americana Fab.) were very 
abundant at the Arsenal, and as they are considered to be somewhat 
resistant to arsenicals, they were used in this study, and proved to 
be excellent material. 

The chemical compound to be tested as a stomach poison was 
sprayed or dusted on the leaves of small twigs of wild cherry, the 
favorite food plant of this insect. The sprayed branches were placed 
in vials of water. The vials were then inclosed in cylindrical wire 
cages 4 inches in diameter and 10 inches in height. Twenty-five 
third-grown to hah-grown caterpillars were put into each cage with 
the sprayed foliage. Notes were taken daily, the relative amount of 
foliage consumed and the time of death being carefully noted in each 
case. 


1 Eeceived for publication Feb. 2, 1926; issued July, 1926. 
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Department, for the formulas of the chemical compounds used, and to H. C. Knight and many other 
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CHEMICAL COMPOUNDS USED 

The compoimds tested were largely organic arsenicals, many of 
whi(*h were the oxides of gases and smokes developed during the 
World War. The (‘ost of some of these compounds would prohibit 
their use as insecticides, but in this study the cost was not taken into 
consideration. 

Following is a list of the compounds used, with a brief description of 
some of their chemical and physical properties: 

1. Diphbntlamxno arsenious oxide, [NH(C(5H4)2AS]30. Alight- 
yellow amorphous compound, finely divided into extremely small 
particles. It mixes well with water, if a paste is first made with a 
small amount of water and more water is then added slowly to this 
paste until the deshed dilution is reached. This chemical spreads 
evenly over the foliage, and remains Avell in suspension. Great 
caution must be used in handling it, for inhalation of it irritates the 
nasal passages and throat and causes sneezing. 

2 . Diphenyl arsenious oxide, (C6H5)2As. 0. As (€ 0115 ) 2 . A 
white powder of very fine crystals which settle out very rapidly from 
an aqueous suspension and collect in small patches on the sprayed 
foliage, 

3 . ChloroVINYL ARSENIOUS OXIDE, ClHC==CHAsO. A white 
flaky crystalline compound. Does not mix well with water; it settles 
very rapidly in water, and the spray deposit on foliage is uneven and 
patchy. Ii the crystals remain on the skin they cause a slight irri¬ 
tation, and in some cases blistering. The fumes are very irritating 
to the nose and throat. 

4 . Calcium ethyl arsonate (calcium salt of ethyl arsonic acid), 
CaCsHgAsOa. A very fine powder which mixes readily with water 
and remains well in suspension. The spray deposit is spread evenly 
over the leaf. 

5. Ethylene dithio-cy'^anate, NCSOH 2 CH 2 SCN. A heavy crys¬ 
talline material, which settles very quickly after being mixed with 
water. It does not form an even deposit over the leaf. 

6 . 2-4-6 TRICHLOROPHENYL BENZyxchloramine, ChCeHgNClCHa- 
OfiHg. A light-brown gummy compound, which forms small pellets 
when mixed with water. 

7. 2-4-6 TRICHLORQPHENYL ACETYL CHLORAMINE, ChC^HoNCl- 
GOCH 3 . Is similar to trichlorophenyl benzylchoramine. 

8 . Calcium methyl arsonate (calcium salt of methyl arsonic 
acid), CaCHgAsOg. Similar to calcium ethyl arsonate. 

9 . Phenyl arsenious oxide, CcHgAsO. Similar to diphenyl 
arsenious oxide. 

10 . Dimethyl anilino arsenious oxide, (CH 3 ) 2 NC(,H 4 AsO. 

H. p-DxMETHYL amino BENZALDEHTHE, (CH3)2NCflH4CHO. 

12 , Copper stearate, copper resinate, mercury stearate, 

LEAD STEARATE, LEAD RESINATE, MERCURY RESINATE, and ZINC 
RESINATE, were very fine powders which had been passed through a 
160-mesh sieve. They were exceedingly hard to mix with water. 
Mixture with water was accomplished only by first making a paste 
and then adding slowly the required amount of water. These mate¬ 
rials spread very well over the entire leaf surface, forming a thin even 
film. 
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EFFECT ON TENT CATERPILLAR AND THE BEAN PLANT 

Tlie effect of the cojnpoimd on the plant could not be determined 
where wild cherry was used, because the branches were detached from 
the plant. Beans were used because they could easily be grown in 
pots, could be handled without difficulty, and are very susceptible 
to injury by arsenical compounds. 

Table 1 gives a list of the compounds used and their comparative 
toxicity to tent caterpillars and host plants. In Table 1 ^^concen¬ 
trations’ is the amount in grams of the material in 100 c. c. of distilled 
water, except vrhere dusts were used. Where dusts were used the 
material was mixed with kaolin and applied in the proportion given, 
as, for example, one part of material to five of kaolin. The time in 
days refers to the time between the first feeding and the death of the 
last insect, or to the time when the experiment was closed. 

Control experiments were conducted with unsprayed foliage so 
that the normal death rate might be observed. Lead arsenate was 
used as the standard for comparison with the materials mentioned 
above. 


Table 1. —Comparative toxicity of a number of organic compounds to tent caterpillars 
arid bean plants when the compounds were applied as sprays to kill by stomach 
poisoning 


Material used 

Concen¬ 
tration 
(gms. per 
100 c. c. 
of water) 

Num¬ 
ber of 
insects 
in test 

Num¬ 

ber 

dead 

Days 
from 
first 
feeding 
to last 
death 

Effect on plant 

Foliage eaten 

Diphenylamino arse- 

0,5 

25 

25 

5 

None. 

Small amount. 

nious oxide. 







Do. 

1.0 

25 

25 

4 

_do_ 

Do. 

Do. 

2.0 

25 

25 

7 

.do. 

Do. 

Do. 

(®) 

25 

25 

6 

Very slight. 

Do. 

Do. 

(*») 

25 

25 

6 

None. 

Do. 

Diphenyl arsenious 

.5 

25 

25 

4 

Severely burned. 

Do. 

oxide. 







Do. 

1.0 

25 

25 

4 

.do. 

Do, 

Do. 

2.0 

25 

25 

4 

.do. 

Do. 

Do. 

.1 

25 

25 

6 

.do,. 

Do. 

/Do. 

.25 

25 

25 

3 

.do. 

Do. 

Do. 

(<•) 

25 

25 

3 

.do. 

Do. 

Do. 

(^) 

25 

25 

5 

.do..__... 

Do. 

Chlorovinyl arsenious 

.1 

25 

25 

7 

.do. 


oxide. 







Do. 

.25 

' 25 

23 


Completely burned. -. 


Do. 

.5 

25 

15 

4 

.do. 

Experiment closed , 

Do. 

1.0 

25 

20 

4 

.do. 

Do. 

2.0 

25 

17 

4 

.do. 


Control. 


25 

3 

9 

Food replaced several 
times, * 


Copper stearate. 

.1 

25 

20 

19 : 

None. 

All. 

Do. 

.25 

25 

12 

16 

_do_ 

Do. 

Do. 

.5 

25 

9 

16 

_do.___ 

Do. 

Do. 

1.0 

25 

19 i 

24 

_..do...-----__ 

-Do. 

Copper resinate. 

. 1 

25 

9 1 

9 

.do. 

Do. 

Do. 

.25 

25 

9 

9 

__do_-___ 

Do. 

Do. 

.5 

25 

8 

10 

.do. 

Do. 

Do. 

1.0 

25 

22 

38 

.do. 

Do, 

Mercury stearate. 

.1 

25 

11 

15 

.do. 

Do. 

Do. 

.25 

25 

14 

9 

.do. 

Do. 

Do. 

.5 

25 

24 

13 

do __ 

Very little. 

Do. 

1.0 

25 

15 

9 

.do-I--. 

Experiment closed 
(leaves fell from 
plant, but not be¬ 
cause of burning). 

j ■ Lead arsenate. 

.1 

25 

25 

13 

_..do..-------__ 

One-half. 

Do. 

.25 

25 

25 

11 

-do 

One-third. 

Do. 

.5 

25 

25 

11 

do - - - - 

Do. 

Do. 

1.0 

25 

25 

16 

.dol-"—-I.I- 

Do. 

Control. 


25 

21 

14 


Foliage replaced. 


« Dust (pure), Dust with kaolin (1-10). « Dust with kaolin (1-5). 
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Table 1. —Comparative toxicity of a number of organic compounds to tent caterpillars 
and bean plants when the compounds were applied as sprays to kill by stomach 
poisoning —Continued 


Material used 

Concen¬ 
tration 
(gms. per 
100 c. c. 
of water) 

Num¬ 
ber of 
insects 
in test 

Num¬ 

ber 

dead 

Days 
from 
first 
feeding 
to last 
death 

Effect on plant 

I 

Foliage eaten 

Lead stearate. 

0.1 

25 

2 

3 

None— .-_ 

All. 

Do. 

.25 

25 

1 

3 

_do. 

Do. 

Do. 

.5 

25 

0 

3 

.do. 

Do. 

Do.-. 

1.0 

25 

2 

9 

.do... 

Do. 

Lead resinate. 

. 1 

25 

11 

8 

.do__. 

Do. 

Do.. 

.25 

25 

10 

11 

.do. 

Do. 

Do. 

.6 

25 

11 

9 

.do. 

Do. 

Do. 

1.0 

25 

12 

8 

.do.. 

Do. 

Chlorovinyl arsenious 

(^) 

25 

14 

4 

Severely burned. 

Experiment closed. 

oxide. 







Do---. 

('') 

25 

19 

4 

.do__. 

Do. 

Lead arsenate. 

.5 

25 

25 

5 

None__ 

Fair amount. 

Do. 

2.0 

25 

25 

3 

.dO--.-. 

Do. 

Kaolin.. 

(“) 

25 

1 

3 

_do-_. 

All. 

Control. 

25 

0 

9 

_dO-__- 

Foliage replaced. 

Phenyl arsenious oxide 

.1 

25 

25 

5 

Severely burned. 

Do__-. 

.25 

26 

15 

7 

.do. 


Do__. 

.5 

25 

25 

4 

.do-_. 


Do. 

1.0 

25 

25 

4 

.do-_. 


Calcium methyl arso- 

.1 

25 

0 

3 

None. 

All. 

nate. 






1 

Do. 

.25 

25 

25 

5 

Severely burned. 

! Little. 

Do---. 

.5 

25 

15 

3 

.do_”.. 

i Experiment closed. 

Do. 

1.0 

25 

25 

7 

.do. 


Lead arsenate__ 

. 1 

25 

25 

5 

None....- 

! Fair amount. 

Do. 

,25 

25 

25 

4 

_do__ 


Do_ 

. 5 

25 

25 

6 

.do. 

i 

Do. 

1,0 i 

25 

25 

8 


1 

Calcium ethyl arse¬ 

,1 

25 

20 

13 

Severely burned. 

Considerable. 

nate. 







Do. 

.25 

25 

18 

6 

.do. 


Do. 

.5 

25 

25 

8 

.do. 


Do. 

1.0 

25 

25 

$ 

_do. 


Ethylene dithio-cya- 

.1 

25 

9 

7 

None.:. 

Considerable. 

nate. 







Do. 

.25 

25 

0 

2 

.do. 

All. 

Do. 

,5 

25' 

0 

1 

_do. 

Do. 

Do. 

1,0 

25 

0 

2 

.do. 

Do. 

2-4-6 Trichlorophenyl 

1.0 

25 

24 

15 

.do. 

Do. 

benzylchloramine. 







Do. 

2.0 

25 

10 

10 

_do. 

Do. 

2-4-6 Trichlorophenyl 

1.0 

25 

5 

3 

Tender leaves slightly 

Do. 

acetyl chloramine. 





burned. 


Do. 

2.0 

25 

0 

5 

Slightly burned-. 

Do. 

p-Dimethyl amino 

.1 

25 

3 

8 

None. 

Do. 

benzaldehyde. 







Do. 

.25 

25 

7 

8 

.do. 

Do. 

Do. 

.5 

25 

3 

8 

.do-. 

Do. 

Do. 

1.0 

25 

2 

8 

.do. 

Do. 

Dimethyl anUino ar¬ 

.1 

25 

15 

7 

Slightly burned. 

Do. 

senious oxide. 







Do. 

.25 

25 

25 

8 

.do. 

One-third. 

Do. 

.5 

25 

25 

11 

Severely burned. 

One-half, 

Do. 

1.0 

! 25 

25 

12 


Do. 

Mercury resinate _ 

. 1 

! 25 

0 

6 


Do. 

Do.. 

.25 

1 25 

3 

8 


Do. 

Do. 

.5 

25 

2 

8 

_do__ 

Do, 

Do. 

1.0 

25 

9 

8 

_do_ 

Do. 

Zinc resinate. 

.1 

25 

0 

5 

_do___- 

Do. 

Do. 

.25 

25 

0 

5 

Il-.do. II. 

Do. 

Do. 

.5 

25 

1 

12 

_-.do___ 

Do. 

Do 

1.0 

25 

0 

3 

_do. 

Do, 









« Dust (pure). ^ Dust with kaolin (1-10). ^ Dust with kaolin (1-25). 

Diplienylamino arsenious oxide proved to be the most promising of 
the materials tried, it being about equal to lead arsenate in toxicity 
to the insect, and was not injurious to the bean plants even in strong 
concentrations. When the pure material was dusted on the plant 
slight injury developed after several days^ especially to the tender 
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leaves and growing tips. Mixed with kaolin in the proportion of 1 
part to 10 parts of kaolin, there was no injury to the plants^ and a 
100 per cent kill resulted in six days. 

Diphenyl arsenious oxide chlorovinyl arsenious oxide, and phenyl 
arsenious oxide, proved to be very toxic to the insect but were also 
toxic to the plant. wSaturated solutions of these materials were made 
by allowing the compound to remain in water overniglit and then 
filtering it. When this filtrate was used as a spray it burned the plant 
severe!}^. 

Diphenyl arsenious oxide was used with equal parts of hj^drated 
lime. The lime prevented plant injury, but it also greatly reduced 
the toxicity of the compound to the insect. 

When plien}"! arsenious oxide was used with lime the injurious 
effect upon the plant was greatly lessened; severe injury resulted, 
however, in some cases. The addition of lime reduced the toxicity 
of the compound to the insect. 

Copper stearate and copper resinate, although comparatively 
nontoxic, seemed to have a decidedly repellent effect upon the insect. 
It required from 9 to 38 daj^s for the caterpillars to consume the 
foliage given them, whereas "the control insects consumed the same 
amount of foliage in from 1 to 3 days. It is the opinion of the writer 
that many of the insects in these tests did not die from poisoning but 
died from" starvation because they would not eat the sprayed foliage. 
Both copper stearate and copper resinate have excellent spreading 
and adhering qualities, and it may be practicable to use them as 
sprays for tender foliage that can hot be treated with an arsenical. 

EXPERIMENTS ON CONTACT POISONING 

Experiments were conducted to determine the toxicity of certain 
chemical compounds as contact insecticides. The same compounds 
were used in these tests as were used in the experiments in stomach 
poisoning. The compounds to be tested were sprayed on half-grown 
tent caterpillars. The caterpillars vrere allowed to dry, and they were 
then placed on unsjjrayed cherry foliage. Ten larvae were used in 
each test. Notes were taken daily, and the rate of death observed. 
Table 2 gives a summary of the results of these experiments. 

Diphenylamino arsenious oxide, diphenyl arsenious oxide, and 
chlorovinyl arsenious oxide proved to be toxic as contact insecticides 
as well as stomach poisons. However, diphenyl arsenious oxide ami 
chlorovinvl arsenious oxide were extremely "toxic to bean plants 
(Table D". ^ ^ ^ 

Diphenylamino arsenious oxide seems to be a promising contact 
insecticide as well as stomach poison. Further experiments with 
this compound are now in progress. 

1505-26--6 
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Table 2. —Comparative toxicity to tent caterpillars of a number of compounds 
tested as contact insecticides 


Material used 

Concen¬ 
tration 
(grams 
per 100 
c. e. of 
water) 

Number 
of insects 
in test 

Number 

dead 

Days 

from 

treatment 
to last 
death 

Diphcuyliimino arsoiiious oxide.... 

o.r> 

10 

10 

10 

1 10 

2 

■ Do. 

1.0 

2.0 

4 

Do. 


Diphenyl arsenious oxide... 

.1 

.25 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

! io 

10 
10 
10 
10 

9 

“X 

DoJ.-... 

3 

2 

Do. 

n 

Do.-. 

1.0 

2.0 

2 

Do.-. 

2 

Chilorovinyl ar.scnious oxide. 

.1 

.25 

3 

Do..... 

10 

10 

10 

10 

0 

0 


Do.-...:. 

.5 

1 

Do.-... 

1.0 

2.0 

} 

Do. 

1 

Phenvl arsenious oxide.... 

. 1 

5 

Do.-. 

1 .25 

5 

Control-... 

0 

5 

Calcium methyl arsonate..-.. 

. 1 

0 

3 

Do. 

.25 

10 

1 

8 

Do... 

1.0 

10 

0 

3 

Calcium ethyl arsonato...... 

. 1 

10 

1 


Do.J. 

.25 

10 

1 

5 

Do.-. 

1.0 

10 

0 

3 

Do.....-. 

. 1 

10 

1 

5 

Do. 

.25 

10 

1 

6 

Do. 

.5 

10 

10 

5 

Do. 

1.0 

10 

6 

6 

Ethvlene dithio-cyanate...-__ 

. 1 

10 

1 

5 

Do. 

.26 

10 

1 

5 

Do.. 

.5 

10 

1 

5 

2 - 4-6 Trichlorophenyl benzylchloramine..-.. 

1.0 

10 

0 

3 

Do. 

2.0 
. 1 

10 

0 

3 

2-4-6 Trichlorophenyl acetyl chloramine. 

10 

1 

3 

Do. 

.25 

10 

0 

3 

Do. 

.5 

10 

0 

3 

Do .-.. 

1.0 

10 

0 

10 

p-Dimethyl amino benzaldehyde___ 

. 1 

10 

0 

10 

Do. 

.25 

10 

0 

10 

Do. 

1.0 

10 

0 

10 

Dimethyl anilino arsenious oxide..... 

. 1 

10 

2 

8 

Do. 

.25 

10 

6 

8 

Do.. 

.5 

10 

5 

8 

Do..1. 

1.0 

.1 

10 

9 

ft 

C opper stearate_______ 

10 

2 

5 

Do _____ 

.26 

10 

2 

5 

Do . 

.5 

10 

2 

5 

bo. 

1.0 

10 

0 

5 

Copper reisinate_____ 

.1 

10 

1 

8 

bo. 

.25 

10 

3 

8 

Do.-..... 

.5 

10 

0 

8 

Mercury stearate______ 

. 1 

10 

0 

S 

Do .-.- 

.2.'3 

10 

0 

7 

Do ........ 

.5 

10 

2 

7 

Do.-. 

1.0 

10 

5 

3 

Control ______ 


10 

0 

7 

Lead stearate.... 

. 1 

10 

1 

8 

bo ..... 

.25 

10 

1 

8 

Do .. 

.5 

10 

0 

8 

Do.-.-. 

1.0 

10 

1 

8 





SUMMARY 

In a series of experiments, a number of organic compounds de¬ 
veloped by the Chemical Warface Service were tested both as stomach 
poisons and contact insecticides, on third-grown to half-grown eastern 
tent caterpillars (Malacosoma americana Fab.). 

The effect of the insecticide upon the host plant was determined 
by treating bean plants with the material to be tested. Most of the 
compounds that were toxic to insects proved to be so toxic to the 
plants as to have no practical value. 

“As a stomach poison, diphenylamino arsenioiis oxide was equal in 
toxicity to lead arsenate, and it was not injurious to the bean plants. 
It also has some promise as a contact insecticide. 






























































RELATION OP THE MANNER OF FAILURE TO THE 
STRUCTURE OF WOOD UNDER COMPRESSION PARAL¬ 
LEL TO THE GRAIN' 

By Jacques L. Bienfait 

Microscopist^ Forest Products Laboratory^ Forest Service^ United States Department 

of Agriculture 

PURPOSE OF STUDY 

It is frequently noted in pieces of wood which have failed in com¬ 
pression parallel to the grain, that the line of failure is more or less 
inclined on the tangential or flat-grain faces hut is practically at 
right angles to the^ grain on the radial or edge-grain faces. (See 
figs. 5 and 6.) This seems to be true for a great many species of 
both hardwoods and softwoods. Evidently there is something 
about the structure of the wood which tends to cause the failure to 
be inclined in the one direction. That the plane of failure would be 
inclined in one direction or another might be expected, since experi¬ 
ments show that materials which, like wood, are neither fully plastic 
nor easily pulverizable fail along inclined planes when subjected to 
compression, the angle of rupture being such as to cause failure under 
the least load necessary to effect a change. The purpose of this 
study was to determine what there is about the arrangement of the 
various tissues of wood, or the structure of the individual cells, 
which almost constantly produces an inclination of the plane of 
failure in the tangential direction. 

MATERIAL 

The material for study was chosen from both softwoods and hard¬ 
woods available at the Forest Products Laboratory, Madison, Wis. 
It consisted of 88 pieces of southern yellow pine, 136 of Douglas fir, 
100 of Sitka spruce, 110 of oak, 25 of ash, 16 of rod gum, 15 of 
mahogany, 14 of sugar maple, 10 of birch, and 10 of balsa (an ex¬ 
ceedingly soft and light tropical wood). 

The test pieces had, in most cases, the standard size of 2 by 2 by 8 
inches.^ vSome, however, were cut with different cross-sectional 
dimensions, to see if that made any difference in the manner of 
failure—with negative results. All specimens were subjected to 
compression in testing machines according to the standard procedure 
at the Forest Products Laboratory. 

The specimens were in an air-dry condition, except for some of 
the Douglas fir specimens, which were well above the fiber-saturation 
point. The density and the maximum crushing strength developed 
are on record for nearly all. 


1 Received for publication Nov. 21, 1925; issued July, 1926. These investigations were carried on 
under the direction of Arthur Koehler, in charge. Office of Wood Technology, Forest Products Labora¬ 
tory, Forest Service, United States Department of Agriculture, Madison, Wis. 
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^ecimens which did not present strictly radial and tangential 
surfaces, as tested, were afterwards split along the radius and tangent 
of^ the annual rings. A surface slightly divergent from the radius 
might show an inclined failure on the presumably radial surface, 

whereas when the 
block was split ex¬ 
actly radially the 
failure appeared 
practically at right 
angles to the fibers 
on the split surface, 
thus conforming 
with the basic prem¬ 
ise of the investiga¬ 
tion. 

Longitudinal mi¬ 
croscopic sections, 
including failures in 
various stages of 
development, were 
prepared from 
many of the test 
pieces, and different 
stains were used to 
bring out contrast. 
Soon, however, the 
examination was 
performed almost 
entirely with the 
help of polarized 
light, which was- 
particularly useful 
as a rapid and vivid 
means of discover¬ 
ing the existence of 
initial failures and 
of even more minute 
changes in the cell 
wall. 


FiCf. l.—Slip planes in fiber walls of Sitka spruce. (The transverse band 
near the middle is a medullary ray.) Photographed by polarized light. 
X156 


SIGNIFICANCE OF SLIP-PLANES IN THE FIBERS 

Studying the character of the gross failures in radial and tangential 
sections with the question in mind, ^‘How and from what do they 
originateone naturally goes to the earliest stages of failure. 
Immediately one’s attention is drawn to the fact that the cell walls 
show changes attributable to stress, even before a real failure can be 
considered to be present; and from that observation the necessity of 
studying the initial changes is obvious. 

Robinson ^ observed what appear to be the preliminary stages of 
failure in compression along the grain, to which he gave the name of 


2 Bobinson, W. the microscopical features op mechanical strains in timber and the bearing 
OF THESE ON THE STRUCTURE OF THE CELT.-WALL IN PLANTS. Roy. SOC. [Londoil] Phil. TnmS. (B) 210: 67. 
1920. 
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^‘slip lines’’ or ^^slip planes.” As seen in conifers, he defined them as 
^‘the changes that lead to deformation and consist in appearance of 
extremely fine but sharply defined cracklike lines in the walls of the 
tracheids.” 

Shp planes corresponding to those described and illustrated by 
Robinson can be seen with extraordinary clearness in the fiber walls 
shown in Figure 1, which represents a radial section of Sitka spruce 
photographed by polarized light. In the cell walls cut through length¬ 
wise (upper part of figure) each slip plane appears as a .short bright 
line extending across the wall at an angle of about 70° with the longi¬ 
tudinal axis of the fiber. The slope may be in either direction, though 
onl}^ one is clearly shown here, and occasionally the slip planes may 
cross each other, forming X“Shaped hatchings. In the lower part of 
Figure 1 a surface view of the cell walls shows the slip planes extending 
around the fiber at a slight incline. 

The extraordinary brightness of the slip planes in Figure 1 may be 
due either to the relative thinness of the section from which the 
photograph was made or to the fact that the stick from which the 
section was cut had been subjected to tension after compression, for 
wood so tested often reveals the slip planes with unusual brightness. 
A probable explanation of the latter effect is offered in the third foot¬ 
note.^ 

There seems to be a wide variation in the brightness as well as the 
number of slip planes in woods of different species. In general it 
can be said that the thicker the cell walls and the thinner the sections 
the more readily they can be observed. 

Slip planes are considered the first indication that the wood has 
been subjected to severe longitudinal compression, either artificially 
or naturally, for the following reasons: 

1 . They are much more numerous in parts of cell walls which have 
actually failed in compression than in other parts. (See fig. 2.) 

2 . They often are associated with a little displacement or offset 
of the fiber wall. There is a noticeable similarity between this kind 
of displacement and the gross displacement of the whole test piece 
when it has finally given way under compression. The presence 
of slip planes is strong presumptive evidence that the individual fiber 
has been injured—that something has given way locally 

3. The slip planes take up stains selectively just as do the larger 
injuries to the cell walls. 

4. Slip planes are common in many woods, whether intentionally 
subjected to stresses or not, as has been found from the study of 
microscopic sections taken from both hardwoods and softwoods. 
When present in wood not previously subjected to any testing, they 
are probably to be considered as due to stresses resulting from the 
weight of tire tree, wind action, felling or rough handling, or uneven 
longitudinal shrinkage. That the last-named is not necessarily the 
cause, however, was shown by the presence of slip planes in sections 


3 It may be for tbis reason that slip planes have been found to be exceptionally bright (under polarized 
light) in sections cut from pieces subjected to tension. Under tension, naturally, the injured parts are 
stretched, thus forming a broader zone which makes them more conspicuous. 

Contrary to Robinson’s opinion, however, it is doubtful that slip planes are produced in tension parallel 
to the grain. Their presence in specimens subjected to tensile stresses does not prove that they were formed 
while those stresses were operative. The fact that slip planes were found to be no more numerous in the 
region of failure in specimens tested in tension than in wood not artificially stressed indicates that they do 
not develop in tension. 
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cut from green wood and mounted for observation in waterThat 
severe compression stresses may occur in wood before use or test is 
shown by the advanced compression failures which have been found 
in new lumber. This phenomenon is hj no means very exceptional 
and has been recognized again and again.® 

5. To make certain that the slip planes were not formed by the 
sliearing action of tlie knife in cutting the longitudinal sections of 
the wood jiarallel with the fibers, sections were cut with the knife 
passing through the wood at right angles to the fibers. This did 
not seem to alter in any way the number of slip planes present. 
Furthermore, thin and thick sections were cut, and a sharp knife 
and a dull knife were used, but no difference in the abundance of 
slip planes was observed. Even more conclusive evidence that slip 



Fig. 2.—Initial compression failure made up of numerous slip planes in Sitka apruco. Photographed 
by polarized light. X148 

planes are not necessarily due to the sliearing action of the knife in 
making microscopic sections is derived from their presence in care¬ 
fully macerated fibers from both hardwoods and softwoods. In 
macerated fibers the number of slip planes may vary considerably. 
As a rule they are not very numerous or very bright, but they have 
always been found. 

FORMATION OP INITIAL COMPRESSION FAILURES 

The next stage after the development of slip planes in compression 
parallel to the grain of wood is the formation of a localized injury, 


< Green material was also studied to determine whether the refractive qualities of wood are changed in 
consequence of the treatment ordinarily given to the pieces before sectioning. The treatment consisted in 
boiling the blocks in water to exclude the air, then placing them in hydrofluoric acid to soften them, after 
which the acid was boiled out apin in water and the blocks were preserved in a mixture of water, glycerin, 
and, alcohol. Microscopic sections cut from these blocks and mounted in water showed no diflerenee in 
refractive qualities under polarized light as compared with material treated in the ordinary way, nor was 
an appreciable difference in either the number or the character of the slip planes noted. 

8 Koehler, a. selecting wood for airplanes. Sei. Amer. Sup. 88: 148-149, illus. 1919. 

Maekwardt, L. J. compression FAILURES AS DEFECTS. Hardwood Rcc. 39: 24-25, illus. 1914. 
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extending in a more or less definite line or zone across a number of 
adjacent cells. It can readily be recognized as the first definite 
indication of failure, and for that reason it is termed the initial 
failure.^* It can not be seen without a microscope, howerer, and is 
best seen with a polarizing microscope. 

This stage, and the gramial changes leading up to it, are illustrated 
in Figure 2. Slip planes are scattered throughout the wood, as the 
illustration shows, although they do not show so clearly as in Figure 
1 . At the extreme left of the illustration they can be seen connecting 
up into definite lines, which become more numerous and pronounced 
toward the right, especially in the summer wood. The slip planes 
probably had already become numerous before the initial compression 
failure had formed. Then they became linked up by the formation 
of others, producing a distinct zone of failure. 

From a number of observations it can be said that the initial 
failure in both radial and tangential sections may extend either 
horizontally or in an inclined direction across the fibers—more often 
the latter, especially in the summer wood. At this stage no actual 
bending or buckling of the fibers has taken place. There is not yet 
anything more than the slight offset in connection with the slip 
planes in the individual fibers, as already described, but they are 
numerous and close together. 

Compression failures, even when not readily apparent to the eye, 
should always be regarded as a source of weakness, and material in 
which they are present should not be used where strength is of prime 
importance. Under slowly applied loads they do not greatly affect 
the strength in compression parallel to grain, although they have a 
marked influence^ on bending properties, particularly when present 
on the tension side of a member. The shock-resisting ability of 
wood containing compression failures is even more seriously affected, 
complete failure of the member usually occurring along the injured 
section with little deformation and very suddenly. For these 
reasons alone it is easily seen that microscopy by polarized light is an 
invaluable as well as an easy method of detecting very early stages 
of injury or failure. 

DEVELOPMENT AND NATURE OF GROSS FAILURES 

To study the development of gross failures in wood subjected 
to end compression, radial and tangential sections were prepared. 
Originally the sections were stained, since the area of failure for 
some reason takes certain stains^ selectively and thus stands out 
fronoL the rest of the field. But staining, however helpful it may 
be, IS not so good as using polarized light, which, as in the case of 
initial failures, is sometimes almost indispensable. Under polarized 
light the failures stand out bright against a darker background, or 
vice versa. The contrast brings out every detail necessary for study 
in stained as well as in unstained sections. The difference in the 
brightness of the injured and uninjured parts is due partly to local 
displacements of the cell-wall material, and partly to the fact that 

® Slip planes are of. too common occurrence and usually too scattered in wood to be, considered definite 
regions of failure. 

7 Potassium ferrocyanide, to which ferric chloride was added, was used, this giving the so-called Berlin- 
blue reaction. Another satisfactory stain is picro-aniline blue. 
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in the. area forming the failure the slip-planes are so numerous and 
close together that the whole coll wall seems to be changed in optical 
properties. 

Observations on microscopic sections indicate that when a certain 
part of the wood under stress contains a number of hiitial failures 
which have developed to a considerable extent, that part is weak¬ 
ened and thus forms an appropriate place for a gross failure to begin. 
The gross failure seems to start along, and to include, some of the 
initial failures, but its development is not always guided by the 
initial failures, for these are not continuous as a rule, whereas the 
gross failure is more or less“so.* 

GROSS FAILURES DUE TO BUCKLING OF CELL WALLS 

The grosser failures which are distinct to the naked eye can be 
seen under the microscope to be due to buckling of the cell walls. 
The final extent of the buckling is dependent on how far the com¬ 
pression is carried, i. e., how long the increasing load is allowed to 
act on the test piece after the elastic limit has been passed. 

It is necessary to distinguish here between buckling and crinkling, 
because the occurrence of these two types of failure varies according 
to the wood tested and also between tlie spring-wood and summer- 
wood parts of a given piece. 

By Duckling is understood the bending of the fibers under stress, 
resulting in such a deformation of the cell wall that the parts origi¬ 
nally in one axial line are no longer in that position, but, while re¬ 
maining parallel to one another, have become displaced by a certain 
(perhaps small) distance, the actual buckle^’ forming the con¬ 
nection between the two parts. The deformation, or buckle, is 
hereafter referred to as an offset.’^ It is to be distinguished from 
the offset previousl^r described in connection with slip planes. 

Crinkling results in a permanent deformation (telescoping) in the 
part that crinkles, but the parts of the fibers above and below re¬ 
main in the same line or almost so. 

The terms ^‘buckling’' and ^‘crinkling” arc used in the same sense 
by Robinson.® Tlicy arc respectively equivalent to the terms 
^‘bending’' and '‘buckling’^ used by Brush.'*^ 

In conifers an obvious difl'orence l)etwccn the spring-wood cells 
and the summer-wood cells is that the latter, l)eing smaller and 
tJiicker walled, arc more likely to buckle, while the former, Ixdng 
thinner walled, show more or less indefinite patterns of (crinkling in 
the early stages of the gross failure. Later, of course, as the ])uck- 
ling of the summer wood progresses, the spring wood also buckles so 
as to adapt itself to the contour. It is quiU> evident that in all 
such cases it is the summer wood that carries most of the com¬ 
pressive load applied parallel to the grain, as might be expected 
in woods which have pronounced summer wood. When there is 
no such pronounced difference between summer wood and spring 
wood—as in birch, maple, and red gum, for example—the material 
of the various cells more uniformly share the load and the contrast 
between buckling and crinkling is not so apparent. Over against 
these cases of wood of almost entire ^^summer-woodlike’^ structures, 


Rohinhon, W, Op. c.it. 

Buuhh, W. I>. k MiCRoacopio studv tjp Tins MBH'nANicAL FATi.UHK ov woon. II. S. A|^r., 

F()r(‘.st Sorv., Rov. Forosi Sorv. Invest. 2: 33-38, illus. li)13. 
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in which all the cell walls in the regions of failure buckle, stands 
the example of balsa, on which a few tests have been made. Here 
the phenomenon of jpailure could probably better be described as 
crinkling only, the whole structure being more of the nature of 
spring wood. 

It is the direction in which the offset due to budding takes place 
which predetermines the direction in which the region of failure is 
inclined. If the buckling takes place in a tangential direction, as 
it nearly always does, then the failure will be inclined on the tan¬ 
gential face. (See 
ng. 3.) For it is ob¬ 
vious that the least 
amount of friction 
and shearing will 
take place between 
fibers in buckling 
when their curva¬ 
tures fit together 
most closely, a con¬ 
dition which can 
occur onty when the 
curvature of one 
fiber is a little be¬ 
low that of the ad¬ 
jacent one. Hence 
the zone of a series 
of such curvatures 
would assume an 
angle with the hori¬ 
zontal. 

Radial offsets 
have been found in 
a few cases in the 
softwoods, but even 
then it was in only 
a very few that the 
gross failm^e formed 
an angle of con¬ 
siderably less than 
90° with the verti¬ 
cal on the radial 
face. Figure 4 illus¬ 
trates one of the 
cases with a defi¬ 
nitely radial offset, 
but with the gross failure still almost horizontal, or at an angle 
of about 90° with the gi'ain. It is noticeable, however, that with¬ 
in each of the summer-wood layers (the lighter-colored bands in 
^the figure) the failure is decidedly at an acute angle. Thus it is 
possible, evidently, that numerous little parts of the whole fail¬ 
ure may follow their own direction over a certain distance, then 
merge again into the main trend of the failure of which they are 
parts. 
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RESUME OF COMPRESSION TESTS 

In the entire lot of 324 softwood specimens tested in end com¬ 
pression, only three cases were found in which the failure made any 
considerable angle with the horizontal on the radial faces, and in 
the 200 hardwood specimens tested none was found. In the three 
exceptional cases the angle was much smaller than those usually 
seen on tangential faces. Only one of the three showed a strictly 
radial offset, and its abnormal deformation may possibly be explained 
b}^ the presence of a small knot in the zone of failure. The other 
two had both tangential and radial offsets. In these two, as well 
as in eight others which had both tangential and radial offsets, but 
horizontal failures on radial faces, the radial offsets may have been 
due to the advanced stage to which the failures were carried in the 
testing machine. 



Pig. 4.—Radial offset (unusual) in gross compression failure in Dougins fir. Fhotogniphed by 

polarized light. X 28.r> 


According to Robinson^® the behavior of spruce is exceptional, 
in that it forms a radial .offset as a rule. Such a finding was not 
confirmed here. Of 100 standard-sized pieces of Sitka spruce that 
were tested in compression parallel to the grain, by far the greater 
number had a q^uite normal tangential offset, only three cases showing 
a composite radial and tangential offset. (These are included in the 
10 referred to above.) That either a radial offset or an inclined gross 
failure on the radial face is quite exceptional in all the woods studied, 
including Sitka spruce, seems conclusively demonstrated. 

Considering a possible relation between the angle of gross failure 
and density, Thil states that the harder (heavier) the wood, the 
smaller the angle the failure makes with the vertical. 

10 Robinson, W. Op. dt., p. 52, 53, 56. ... 

” CONSTITUTION ANATOMIQUE DU BOIS.—ETUDE SUE LES EEACTURE8 DES BOIH DANH LEH JiKHAIH 

DE RtoTANCE. Publifi par commission des mfithodes d’essai des mat^riaux de construction sous les 
travaux publics de France. Tome HI, rapports partieuliers, p. 140-141. J>iiria. 

IHOO. [Wot seen.] 
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The general angle of -the gross failure with the vertical on strictly 
tangential faces showed the following average values in the softwood 
and oak specimens tested for this study: 

Degrees 


Sitka spruce (dry)-70 

Douglas fir (dry)- 6434 

Douglas fir (moist)-63 

Southern yellow pine (dry)_ 5934 

White oak group (dry)-57 


The number of tests of- hardwoods other than oak was not large 
enough to afford a fair average. Th^ results bear out Thil’s state¬ 
ment, since the angle is largest in Sitka spruce and smallest in oak,- 
with Douglas fir and yellow pine intermediate, all inversely as the 
density of the species. The plane of failure was somewhat more 
definitely marked, and the buckling more gradual, in the harder 
woods. 

• For the southern yellow pine, Douglas fir, and oak used in this 
study, the angle of the gross failure with the vertical was plotted 
against the specific gravity of each specimen. In oak, especially, 
,^'-the different pieces were of widely different specific gravities, so that 
the mode of variation could be observed over a fairly representative 
range. From the diagrams it was concluded that within a species 
there is no controlling relation between the angle of failure and the 
specific gravity .^2 

SUPPLEMENTARY TESTS TO DETERMINE EFFECT OF CROSS 

SECTION 

In order to determine whether the relative dimensions of the cross 
section of rectangular specimens have any influence on the manner of 
failure, provided the axial length of the test piece is such that bending 
is practically excluded, a series of tests was performed on red gum, 
mahogany, ash, Douglas fir, and southern yellow pine. For each 
species test pieces of the following transverse dimensions, in inches, 
were prepared: 1 by 234? 1M by 11 M by 1J4; 134 bj 134; and 
134 by The length of each piece was 4 inches. Figures 5 and 6 
show the red-gum specimens after test, with moisture sections cut 
off and placed above the pieces, showing the direction of the growth 
rings. Figures 5 and 6 show that in all cases, no matter what the 
dimensions of the transverse section, the blocks have a tangential 
offset; the failure makes a definite acute angle with the grain on the 
tangential face; and on the radial face the failure runs across horizon¬ 
tally, or almost so, all in the regular manner. 

DISCUSSION OF THE MODE OF FAILURE 

Many reasons have been advanced by different investigators 
in an endeavor to explain the typical inclination of the gross failures 
on tangential faces. Thil attempted to show that the angle of the 


12 p. Jaccard makes the same statement, ‘*qu'il n'existe pas de type de rupture speeifique, c’est-a-dire 
propre 3. chaque espsce ligneuse . . . “Jaccard, P. etude anatomique de bois coitPRiMfes. Mitt. 
Schweiz. Centralanst, Forstl. Versuchsw. lO: 57. 1910. 

18 Thil, A. Op. eit. 
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failures is related to a supposed spiral arraiigonient of the medullary 
rays. Supposing the tops of the rays to be naturally arranged along 
imaginaiy spirals around the stem, he considered the spirals as lines 
of least resistance, A careful examination of tangential sections 
shows, however, that such an arrangement of rays evidently does 
not exist. This observation is confirmed by Jaccafd ’s remarks upon 
Thil’s article: “One needs only to reproduce by the camera lucida or 
by photomicrography the distribution of rays on the tangential faces 
oi* the test pieces which have been compressed, to be convinced that 
no constant relation exists between such distribution and the direction 
of the lines of rupture.’’ The 15 tests made in the present investiga¬ 
tion on mahogany (in which the rays are in horizontal rows) gave 
consistent evidence against Thil’s hypothesis, since they produced 
the same type of offset and inclined failure on the tangential faces as 
is typical of other woods. 



Pio. 5.—Tangential surfaces of red gum, a homogeneous wood, showing inclined failures due to com¬ 
pression parallel to the grain. (The pencil lines across the end surfaces of sections above each 
specimen indicate the direction of the annual rings) 

A somewhat similar arrangement to that supposed by Thil for the 
rays could be imagined for the wood fibers in a tangential plane in 
contrast to their fi*equent horizontal arrangement in radial planes; 
but here also a study of tangential sections affords no evidence of 
the fibers being arranged in inclined zones corresponding to the 
zones of failure. 

The fact that in the gross compression failure on the tangential 
face a separation sometimes is found between the rays and the sur¬ 
rounding fibers probably accoimts for the supposition that the junc¬ 
tion of ray and fiber forms a weak spot which could therefore be 
considered as the starting point of the failure. But closer micro¬ 
scopic examination shows that this separation at the rays takes place- 
only after buckling of the fiber material as a whole has progressed 
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considerably, at which stage the fibers tend to separate from each 
other as well. Figure 3 shows that in the case of advanced buckling 
fibers may separate, even when there are no rays in the immediate 
neighborhood. Moreover, in the comparatively rare cases of radial 
offsets, it is known that separation of fibers may occur in the radial 
direction, where the rays could have no weakening influence. In 
fact, the first steps in the buckling of the fibers take place on too 
small a scale to be affected by the rays, and manifest no relation to 
them. It has already been explained in this paper that the origin 
of failure lies in the giving way of the individual cell wall, and the 
development of these minute injuries into the later failures has been 
indicated. 



Pig. 6.—Radial surfaces of same blocks as in Figure 5, showing more or less horizontal confor¬ 
mation of failures 

Jaccard holds that rupture is determined by points of least 
resistance in the wood^® which reduce cohesion and the homogeneity 
of the wood fibers and which favor their bending and folding. Ac¬ 
cording to Jaccard, the pits in the walls of the tracheids or fibers 
form such points of weakness. But again the photomicrographs 
made for the study of initial failures show that evidence for supposing 
such a relation is lacking, and the argument therefore fails as an 
explanation of the character or the commencement of the failure. 

That nonhomogeneity arising from any structural differences as 
between spring wood and summer wood is not to be regarded as the 
explanation of the inclination of the plane of failure in wood subjected 
to compression is shown by the fact tliat woods of highly homogeneous 
structure in this respect—for example, red gum, birch, maple, and 


As has also been shown by Robinson, W. Op. cit. 

15 Jaccard, P. Op. cit. 

ifl In the present paper only perfectly clear material is considered, Jaccard includes the following among 
his “ points of least resistance Knots, of which some are very small and do not even appear on the surface 
of the specimen, by which the straightness of the fibers is markedly altered and their cohesion interrupted,” 
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mahogany—behave in exactly the same manner as less homogeneous 
woods such as oak, ash, Douglas fir, and yellow pine. 

The only remaining known and consistent factor which could 
possibly exert sufficient influence to account for such almost universal 
inclination of the failure in a tangential direction must be looked 
for in the action of the medullary rays. It has already been pointed 
out that it is neither the spiral arrangement of the rays nor a weak 
bond between the rays and the wood fibers that can account for the 
tangential inclination of the failure. It therefore seems reasonable 
to assume that the cause must lie in the stiffening effect which the 
rays have radially, this increasing the resistance of the fibers to 
buckling in that direction and causing them to buckle tangentially, 
which necessitates the inclination of the failure on the tangential 
face. This conclusion can, of course, be arrived at only by the process 
of disproving the possible influence of other factors. It can not be 
proved directly, since the same piece of wood can not be tested with 
and without rays. 

CONCLUSIONS 

This study corroborates Robinson’s statement that slip lines, or 
slip planes, are the first indication of injury in compression parallel 
to the grain, but it is doubtful whether they are likewise produced in 
tension along the grain. 

The early or initial failures, consisting principally of numerous 
localized slip planes, show no such distinctive difference between 
their radial and tangential aspects as that exhibited by gross failures. 
Apparently, however, they are sources of zones of weakness within 
which the buckling of the fibers resulting in gross failures may start 
more easily than msewhere. 

The gross failure in compression parallel to the grain consists of a 
buckling of the fibers. The least amount of friction between fibers 
occurs when the plane of buckling, or failure, is inclined. The in¬ 
clination of the failure occurs, as a rule, in a tangential direction. 
The present writer has shown that the only probable explanation of 
this behavoir is that the medullary rays increase the resistance to 
buckling in a radial direction, thus causing the line of failure to be 
inclined on the tangential surface. 



THE IMPORTANCE OF CLEARING THE HYDROLYZED SO¬ 
LUTION IN THE DETERMINATION OF ACID-HYDRO¬ 
LYZABLE CARBOHYDRATES IN GREEN PLANT TISSUE' 


By V. H. Morris, Assistant Agronomist (Plant Chemistry), and F. A. Welton, 
Associate Agronomist^ Ohio Agricultural Experiment Station 

INTRODUCTION 

While making a study of the available literature bearing on the 
separation and quantitative estimation of the various carbohydrate 
materials in plant tissue, preparatory to some experimental work, it 
became apparent that all workers do not follow the same procedure 
in the manipulation of some of the methods involved. 

One such method is the determination of starch and similar sub¬ 
stances by weak-acid hydrolysis. In this process some workers 
omit the step of clearing the solution containing the hydrolyzed 
material, and others apparently consider it necessary. The more 
generally accepted method appears to be that of clearing the solution 
by adding an excess of a solution of either basic or neutral lead 
acetate solution, deleading vnth sodium phosphate or some other 
salt solution, and either filtering the solution or allowing the precipi¬ 
tate to settle overnight before taking an aliquot for the determination 
of the reducing power. 

OBJECT 

When many samples are to be analyzed, it is desirable to eliminate 
unnecessary steps. In the work undertaken there were nearlv 200 
of the alcohol-preserved samples of green tissue to be analyzea. In 
view of the large amount of time and labor required to clear the 
hydrolyzed solutions, it was thought advisable to make a preliminary 
study of this step, to the end that the process might be shortened or 
perhaps eliminated altogether. 

MATERIAL 

Among the samples preserved for carbohydrate analysis, eight 
different kinds of green plant material were represented as follows: 
Wheat culms, oat culms, blue grass, soy-bean stems, cornstalks, 
Canada-thistle roots, red-clover roots, and wheat rhizomes. The 
wheat and oat culm samples were taken at heading time. The 
blue grass was fresh pasture about 5 inches high. Ine soy beans 
were sampled when in bloom. The cornstalks were taken when at 
about the earing stage. The thistle roots, clover roots, and wheat 
rhizomes were dug up late in the fall. Two samples of each class 
of material grown under different environmental conditions were 
selected so that the results of both samples could be considered 
fairly typical for that class. 


1 Received for publication Dec. 3,1926; issued July, 1926. Published with the approval of the Director 
of the Ohio Agricultural Experiment Station. 
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METHODS 

PRESERVATION 

In most cases 100 grams of the green tissue was taken for the 
sample, and after being cut into small pieces to 1 inch long the 
sample was placed in alcohol of such a strength that the final pre¬ 
serving medium would be 70 per cent, and the whole was heated in a 
water bath at 78° C. for one hour. 

EXTRACTION 

The samples were extracted with boiling 80 per cent alcohol in a 
large Soxhlet extractor for 8 to 12 hours, after which the residue 
was dried on a steam plate for several days, then placed in a vacuum 
oven at 105° C. for 8 hours, and then ground finely. 

HYDROLYSIS 

For hydrolysis, 3-gram samples were taken of wheat culms, oat 
culms, blue grass, and soy-bean stems; 2 grams each of cornstalks, 
thistle roots, and clover roots; and 1 gram of wheat rhizomes. The 
samples were weighed into 350 c. c. Kjeldahl flasks, 200 c. c. of 2.5 
per cent HCl was added, and the flasks, with small funnels in the 
necks, were placed in a boiling water bath for two hours. The 
solutions were then filtered through Gooch crucibles with linen filters, 
W’’ashed well with hot water, and then the filtrates were transferred to 
500 c. c. volumetric flasks and made up to volume. Aliquots of 100 
c. c. each were transferred to 250 c. c. volumetric flasks, cleared or 
left untreated, made up to volume, and shaken. 

DETERMINATION OP REDUCING POWER 

For the determination of reducing power, a modification of the 
method of Quisumbing and Thomas ^ was used. A 25 c. c. aliquot 
of the sugar solution was transferred to a 100 c. c, centrifuge tube, 
60 c. c. of Fehling’s solution was added, and the tube was heated in 
an electric water bath for 30 minutes at 80° C. The tube was then 
centrifuged for 10 minutes, the supernatant licpiid was poured off, 
and the reduced copper was shaken with about 15 c. c. freshly boiled 
distilled water, and again centrifuged for 10 minutes. The super¬ 
natant liquid was again poured off, and the reduced co]iper was 
determined by the Bertrand method, titrating with N/20 KMn 04 . 

EXPERIMENTAL DATA 

A preliminary test was carried out wnth two samples of wheat 
culms which had exactly the same amount of polysaccharides present. 
The generally accepted method of clearing described previously was 
followed, an excess of neutral lead acetate being added, then deleaded 
with Na 2 HP 04 and allowed to settle overnight. The treatment and 
results are given in Table 1. The results in all tables are expressed 
in cubic centimeters of N/20 KMn 04 necessary to titrate the reduced 
copper. 


2 Quisumbing, F. A,, and Thomas, A. W. conpitions awpecting the quantitative determination 
OF REPXTCiNO sugars BY FEHLiNG SOLUTION. Jour. Amer. Choin. Soc. 43: 1503-I52fi, Ulus. 1921. 
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Table 1. —Comparison of cleared and uncleared aliquots 



Unneutral- 

Neutral- 

Neutral¬ 
ized, cleared 

Sample 

ized, un¬ 
cleared 

ized, un¬ 
cleared 

1 

6.4 

6.3 

6.2 

2 

6.3 

6.4 

6.3 


The deleading process is the one that takes the most time, so it 
was decided to determine whether the lead acetate could be added 
drop by drop until complete precipitation and coagulation was 
obtained, without adding any excess. Since the point of such com¬ 
plete precipitation is not very sharp, an additional amount of 1 c. c. 
of the lead solution was added to a second aliquot without subsequent 
deleading. The results of this procedure are given in Table 2. 


Table 2. —Effect of clearing loithout excess of lead solution 


Sample 

Unneutral¬ 
ized, un¬ 
cleared 

Neutralized, 
plus lead 
acetate to 
cause coag¬ 
ulation 

Neutralized, 
plus 1 c. c. 
excess lead 
acetate 

3 

4.8 

1 

4,6 

i 4.5 


Apparently this method of clearing does not give results materially 
different from the check; in fact, an excess of the lead solution may 
be added without affecting the results. 

A group of four samples of different plant tissues was then used in 
further testing this method of clearing, adding the lead acetate drop 
by drop until no more precipitation was observed. The results are 
given in Table 3. 


Table 3. —Further test of clearing without excess of lead solution 


Sample 

Unneu¬ 

tralized, 

uncleared 

Neutralized, 
cleared 
without 
e.xcess of 
lead 
solution 

Sov beans__ 

8.9 

8.9 

Thistle roots, No. 1__ 

17.1 

17.4 

Thistle roots, No. 2__ 

15.1 

15.3 

Clover roots__ 

13,1 

13.4 



In three tables given thus far, there is no significant difference 
between the check aliquot (that left unneutralized and uncleared) 
and the cleared aliquot. 

In order to test this point further, and also to determine whether 
there was any difference between different kinds of plant material 
with respect to the necessity for clearing the hydrolyzed solution, 
eight classes of plant tissue, including the two different samples of 
each class, were hydrolyzed. The treatment of the different ali¬ 
quots and the results are given in Table 4. 

1505—26-7 
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Table 4. —Comparison of eight kinds of plant tissue with respect to clearing the 

hydrolyzed solution 


Sum pie 

Labora¬ 
tory No. 

Unneu- 

tralized, 

uncleared 

Neutral¬ 
ized, un¬ 
cleared 

Neutral¬ 

ized, 

cleared 

without 

excess 

Neutral¬ 
ized, 
cleared 
with ex¬ 
cess lead 
plus PO 4 

Wheat culms...... 

238 

8.1 

8.3 

8.3 


Do.. 

239 

10.0 

10.1 

10.0 

10.1 

Oat culms. 

274 

8.3 

8.3 

8.2 

8.0 

Do.,.... 

275 

8.4 

8.2 

8.2 

8.4 

Blue grass... 

328 

11,7 

11.7 

11.4 

11.1 

Do. 

329 

8.5 

8.5 

8.5 

8.4 

Soy-bean stems. 

349 

8.2 

8.2 

8.0 

8.1 

Do. 

350 

8.8 

8.8 

8.7 

8.8 

Cornstalks. 

358 

8.2 

7.5 

7.8 

7.9 

Do. 

360 

7.7 

7.7 

7.7 

7.5 

Canada-thistle roots... 

363 

19.3 

18.7 

18.9 

18.7 

Do..... 

364 

17.7 

17.4 

17.1 

17.4 

Red-clover roots. 

371 

15.8 

15.8 

15.4 

15.3 

Do.... 

372 

15.4 

15.0 

15.0 

14.9 

Wheat rhizomes. 

379 

6.2 

6.2 

6.2 

5.5 


Do... 

380 

5.7 

5.9 








With, a very few exceptions, apparently the same result is obtained 
whether the hydrolyzed solution is cleared or not, and, if cleared, it 
is not necessary to add an excess of the lead solution and then delead. 
Low or hi^h results on one aliquot out of the four of each sample were 
obtained in four cases. These results were obtained each with a 
different treatment, and in every case the other three aliquots checked 
among themselves, indicating that pjrobably the error was due to 
some step in the procedure, such as insufl&cient shaking of the flask 
after making up to volume, rather than to the effect of the treatment. 

EFFECT OF REACTION OP SOLUTION 


The importance of the reaction of the hydrolyzed solution when the 
lead acetate solution is added has not been very strongly emphasized 
in published methods. It is very important that the reaction of the 
solution be kept on the acid side. The addition of lead acetate to 
a neutral solution results in shifting to an acid reaction, since lead 
acetate is an acid salt. On the other hand, the addition of a fairly 
strong basic salt like Na 3 P 04 in deleading changes the reaction to 
alkaline while there is still an excess of lead. 

The effect of the alkaline reaction obtained in this way is shown 
in Table 5, in which the results obtained with several of the samples, 
keeping one aliquot of the solution acid, are compared with another 
aliquot of the same solution allowed to become alkaline as suggested 
above. The solutions were all cleared with lead acetate, adding 
an excess and deleading with the phosphate solution. 
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Table 5. —Effect of reaction of hydrolyzed solution 


Sample 

Labora¬ 
tory No. 

Cleared 
with 
excess 
lead, acid 
reaction 

Cleared 

with 

excess 

lead, 

alkaline 

reaction 

Wheat culms_ 

239 

10.1 

8.6 

Oat culms__ 

274 

8.0 

6.8 

Do---. 

275 

8.4 

6.8 

Blue grass___ 

328 

11.1 

10.5 

Do_____ 

329 

8.4 

7.8 

Soy-bean stems_____ 

350 

8.8 

8.4 

Cornstalks____ 

358 

1 7.9 

7.6 

Do.--.-. 

360 

7.5 

7.2 

Canada-thistle roots.-___ 

363 

18.7 

16.9 

Do.-. 

364 

17.4 

16.2 

Red-clover roots... 

371 

15.3 

14.9 

Do--. 

372 

14.9 

13.9 



DISCUSSION 

The advantages of being able to determine, without previous 
clearing, the reducing power of the solution obtained in the deter¬ 
mination of the weak-acid-hydrolyzable carbohydrates, are very ob¬ 
vious. The saving in time "and labor is considerable. 

The only apparent disadvantage of this procedure is that with 
some plant materials the precipitate of cuprous oxide obtained is 
yellowish brown and is in a more finely divided state. The use of 
the centrifuge in determining the amount of the oxide has a decided 
advantage over any filtration procedure, on account of the danger 
of some of the more finely divided particles passing through the 
filtering medium. The size of the copper particles does not make 
any real difference in centrifuging, because the smallest crystals are 
thrown down readily by centrifugal force. 

SUMMARY 

The data obtained in the experimental work reported in this paper 
indicate that with alcohol-preserved samples of green plant tissue 
of the kinds used in this experiment it is unnecessary to clear, or 
even neutralize, the hydrolyzed solution before determining the 
reducing power; and that it is essential that the reaction of the 
hydrolyzed solution be kept on the acid side in the presence of the 
lead solution. 

o 
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A CYTOLOGICAL STUDY OP PUCCINIA TRITICINA PHYS¬ 
IOLOGIC FORM 11 ON LITTLE CLUB WHEAT' 


By Ruth F. Allen 

Associate Pathologist^ Office of Cereal Crops and Diseasesj Bureau of Plant Industry, 
United States Department of Agriculture, and Associate in Agronomy, Agricultural 
Experiment Station, University of California.^ 


INTRODUCTION 


Cytological study of plant diseases brings out facts otherwise 
inaccessiHe. A study of the behavior of host and parasite in the 
infection, the details "of their interaction as seen under the micro¬ 
scope, is one avenue of approach to the larger field of immunity. 

The present problem was suggested by E. B. Mains, who noted 
that the susceptibility of Kanred wheat to Puccinia triticina varied 
with age and environment, and thought that a microscopical study 
of the different types of reaction to the rust might help to explain it. 
The work was soon broadened to include a stucty of Little Club, a 
variety uniformly susceptible to the rust, and Malakoff, a strongly 
resistant variety. This paper presents that part of the investigation 
dealing with Little Club. 

The leaf rust of wheat (PucciniaJriticina Erikss.) was formerly 
included with other species under the name of Puccinia ruligo-vera, 
Eriksson (14) ^ separated it under the name Puccinia triticina. A 
historical account of the studies of this rust is given by Jackson and 
Mains (^0). 

The uredinia and telia are found on wheats Until recently, the 
aecial host was unknown in spite of numerous attempts to determine 
it. The work of Jackson and Mains in 1921 (20) proved that the 
aecia are borne on species of Thalictrum native to Europe and Asia, 
particularly T. delavayi and T. jlavum. 

The bearing of this on the origin of the rust is stated as follows 
(20, p. 170 ): Puccinia triticina is considered to be of foreign origin, 
because wheat, for which it shows close specialization, is an intro¬ 
duced host, and because the most susceptible species of Thahctrum 
which serve as aecial hosts also are exotic.'^ In America, where the 
aecial hosts are practically absent, the rust probably lives on as a 
continuous series of uredinial generations. 


1 Received for publication Jan. 16,1926; issued August, 1926. This paper is a report of cooperative investi¬ 
gations made by the Agricultural Experiment Station of the University of California and the Ofiace of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture. 

2 The writer is indebted to C. R. Ball and H. B. Humphrey for suggestions and for a careful 
reading of this manuscript, to E. B. Mains for suggestions and materials, and to the Divisions of Genetics 
and Agronomy of the University of California for courtesies extended during the work. 

5 Reference is made by number (italic) to ** Literature cited,” p. 221. 
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MATERIAL AND METHODS 

The strain of leaf rust used in these studies was collected by 
W. W. Mackie at Eureka, Calif., in the summer of 1923. It was 
cultured in the greenhouse, a single-spore culture was made, an in¬ 
crease generation was grown from the single uredinium, and the rust 
was carried on in greenhouse cultures. A specimen sent to E. B. 
Mains was identified as Puccinia triticina physiologic form 11. 

The seedlings used for cytological study, Little Club C. I. 4066, 
were grown and inoculated in the field, the first set in April, 1924, 
the second in May, 1925. They were covered during the 48 hours 
following inoculation. The older infected plants studied were grown 
in the field in the late winter and spring of 1925, and were continu¬ 
ously infected from the seedling stage to maturity. 

Material was fixed at intervals from the time of inoculation until 
the uredinium w^as old. The fixing fluid was chrom-acetic-urea, of 
the usual strength or diluted. Material fixed in the cold (40® to 45® 
F.) proved superior to that fixed at room temperature. The usual 
methods of dehydration and embedding were followed. Paraffin of 
50° C. melting point gave the best results The triple stain was most 
satisfactory. 

INVESTIGATIONS 

PHENOMENA OP ENTRANCE 

The seedlings used in the study of entrance phenomena were from 
seed sown on March 5, 1925, and had encountered rainy weather. 
The upper leaves (fourth to sixth) were heavily inoculated May 11 
during a rain, and were covered to prevent the washing off of the 
spores. 

Many spores germinated during the first night, others during the 
second, and still others during the third. Freshly formed germ tubes 
could be found in any lot of material fixed during the first few days. 

Infection by urediniospores takes place through the stomata, which, 
in wheat, are abundant on both surfaces of the leaf. The germ tube 
grows along the leaf surface to a stoma. Then the protoplasm along 
the whole length of this tube flows on into the tip, forming there an 
aggregation called the appressorium. When unobstructed, it rounds 
up into a hemispherical cushion of rather dense protoplasm just over 
one end of the stomatal aperture. A typical appressorium is repre¬ 
sented in Plate 1, A. The stoma is cut longitudinally, showing one 
guard cell a, with its unevenly thickened walls and its plastids and 
elongated dumb-bell-shaped nucleus. The appressorium & occupies 
one end of the shallow cavity at the entrance of the stoma, A por¬ 
tion of the empty germ tube is seen at c, and a septum isolates it 
from the appressorium. 


EXPLANATORY LEGEND FOR PLATE 1 

A. —Third day after inoculation. Longitudinal section of stoma bearing appressorium. Guard cell at a, 
remnant of germ tube at c, appressorium with 4 nuclei at 6. X 730 

B. —Section through leaf with fungus at stoma. The spores are at a, germ tube at b, empty appressorium 
at c, and substomatal vesicle at d, X 333 

C. —Stoma bearing two distinct appressoria, a being the older, with & partially superposed upon it. 
X 730 

D. —Stoma with the empty appressorium h on the outer surface and the substomatal vesicle a within. 
The vesicle contains eight nuclei. X 730 

E. —Second day after inoculation. Stoma with two fungi. The appressoria a and 6 entered at the ends 
of tbe stpmatal slit, forming the vesicles c and d within. One vesicle has four nuclei, the other imore. X 730 



Plate 1 


Puccinia triticina p. f. 11 on Little Club Wheat 



Fuccinia triticina physiologic form 11 on seedlings of Little Club wheat 
(For explanatory legend see p. 202) 








Pucclnla triticina p. f. 11 on Little Club Wheat 


Plate 2 
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Wien, in inoculation, the spores are placed on the upper surface 
of the leaf, they naturally adhere to the minute parallel ridges running 
lengthwise on the surface of the leaf. As the longitudinal rows of 
stomata lie near the base of the little valleys between the ridges on 
the leaf, the distance the germ tube must grow to its goal may be 
considerable. The lower surface of the leai is smoother, and here 
spores may lodge close to the stoma, and one sometimes sees, as in 
Plate 1, B, the spore a, the germ tube &, the appressorium c, and the 
substomatal vesicle d, all in the same section. 

It is not unusual to find two or more appressoria occupying the 
same stoma. (PI. 1, C.) In this case a is apparently the older; 
and 6, the late comer, is partly superposed on a. Fully formed ap- 
pressoria usually have four nuclei (pi. 1, A and C, at 6) or sometimes 
more (pi. 1, C, a). 

Entrance usually is effected near the end of the stoma. The 
delicate w^all of the appressorium collapses (pi. 1, D, 5) as its contents 
pass through the stomatal slit to form the vesicle within. The sub¬ 
stomatal vesicle (pi. 1, D, a) lies in contact with the inner face of the 
guard cells. It is an ovoid or irregularly ellipsoid body containing 
dense cytoplasm and nuclei. When a stoma carries more than one 
fungus, both may enter. In Plate 1, E, the two collapsed appres- 
soria at a and h are on the outer surface, and just within are the two 
separate vesicles, c and d. The number of nuclei in the vesicle 
varies. In Plate 1, E, c, there are four; in Plate 1, D, a, there are 
eight; in Plate 1, E, d, the nuclei form a central cluster so dense that 
they can not be counted, but there probably are more than eight. 

Material was fixed twice a day during the early stages of infection. 
In the material fixed on the first three mornings, many fungi had just 
entered the host and formed the substomatal vesicle. (PI. 1, D and 
E.) In material fixed in the afternoons the majority of these sub¬ 
stomatal vesicles had pushed out the first infecting hypha. (PI. 3, 
B.) This daily rhythm in the early stages of infection suggests at 
least that the time of entrance is conditioned by the daily stomatal 
movements. It is perhaps indicative that entrance is not effected 
by mechanical force or by chemical action, but waits upon the 
natural opening of the stoma. That the fungus, however, does 
secrete some substance that affects the guard cells seems probable. 
Its effect is usually very inconspicuous at this stage, but in slightly 
older infections (pi. 3, C) the guard cell walls are often noticeably 
altered at the surface of contact with the fungus. Rarely in young 
infections, but more commonly in older, the stomata occupied by 
fungi are killed. The connection, if any, between this action on the 
guard cells and the entry of the fungus is not clear. 

Entrance counts were made of fungi fixed in the morning, 40 
hours after inoculation. Only 37 out of 204 (about 18 per cent) had 
not entered. 


EXPLANATORY LEGEND FOR PLATE 2 

A. Section of dead guard cell bearing an appressorium. Latter drawn at three levels—o, 6, and c. At 
the^pper (a) it looks like two in contact; at the median (&) and the lower level (c) the two are connected. 

B .—Successive sections of same stoma. Appressoria appear separate in a and connected in &, X 730 
C.—Two appressoria connected at a. Single substomatal vesicle forming at b. X 730 
Di and D 2 .—Successive sections of stoma bearing six fungi. Those numbered 1 and 2 are nearly empty 
and a single vesicle (h) is forming within. Those numbered 3 and 4 appear separate in Di; connected in 
D 2 . They have separate germ tubes, (d and «). Nos. 5 and 6 (in Di) are younger, and fill in the ends of 
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The fungi which failed to enter were not uniformly distributed on 
the leaf but occurred in restricted areas. Throughout four or five 
successive slides all the fungi would have entered; in the next, the 
majority would still be outside. This may be correlated with the 
occurrence of patches of open and closed stomata in wheat, as noted 
by Loftfield {25). 

An abundance of spore inoculum was used, and stomata crowded 
with fungi were of rather frequent occurrence. In Plate 2 , A, the 
highly irregular mass of fungous plasm outside the stoma is drawn at 
3 planes in the same section, a, 6 , and c. At the upper focus, a, it 
appears as two unequal appressoria in contact. At a slightly lower 
focus, 6 , the two are connected. Still lower, at c, the connection is 
broader. No other fungi or d4bris were near, and there was no 
apparent external reason for the irregularity in the shape of this 
mass. The conformation and the size suggest an incomplete union 
of two appressoria. 

Plate 2, B, represents a similar case. Two successive sections are 
drawn. In one section, a, it appears as two separate bodies; in the 
other, 5, the two are connected. The plane of the section is slightly 
oblique, the bulk of one mass lying in one plane, and the bulk of the 
other in another. On comparing with Plate 1, A and C, one sees 
that, in size, it is equivalent to two appressoria. 

In Plate 2, C, the two are connected by a narrow bridge, at a. 
In this case entry is in progress, as indicated by a single substomatal 
vesicle forming at 6. 

In Plate 2 , Dj and D 2 , the situation is more complex. Two suc¬ 
cessive sections are drawn. No fewer than six fungi are present at 
this stoma. The oldest, numbered 1 and 2 , are nearly emptied. 
No connection between the two was detected, but only one vesicle 
(D 2 , &) is forming inside. The appressoria numbered 3, and 4 ap¬ 
peared separate in Di and connected in D 2 . The empty gerni tubes 
leading into them at D 2 , d and allow no question as to the separate 
origin of the two. Nos. 5 and 6 appear to be younger, and fill in the 
two ends of the stoma. 

In a few cases, as that in Plate 2 , E, the two appressoria a and h 
remain distinct, effect separate entries, and then the substomatal 
vesicles c and d become connected. Another case (pi. 3, A) is an 
oblique section of both stoma and fungi and is included only because 
of the surprising similarity of contour and mode of joining, to these 
features figured in Plate 2 ,' E, These are all drawn to the same scale. 
On comparing the substomatal vesicles of Plate 2 , E, with those in 
Plate 1 , E, one sees that the volume of the united vesicles in Plate 
2 , E, is at least equal to the total volume of the two separate vesicles 
in plate 1 , E. 


EXPLANATORY LEGEND FOR PLATE 3 

A. —Second day after Inoculation. Lateral section of stoma and two substomatal vesicles (a and c), 
the latter joined at b. X- 730 

B. —Fungus making first attack. Appressorium at a. The substomatal vesicle has formed an infecting 
hypha with hamstorium mother cell c. The hypha contains six nuclei. A small haustorium appears in 
the next section at a point corresponding to d, X 730 

O.—Six-day infection. The first haustorium (&) formed from the haustorium mother cell a. Host cell 
apparently is not injured. The infecting hypha gave rise to branches c and tf. One nucleus («) remains 
in hypha, X 730 

D. —Three-day infection. The first infecting hypha formed a haustorium from the mother cell d, and 
then branched at c. The haustorium 6 is partly surrounded by the host nutileus a. X 730 

E. —Six-day infection. The infecting hypha has formed branches at &, c, d, and $, Two nuclei (/) re- 
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An attempt has been made to determine whether fusions of germ 
tubes take place before the formation of appressoria. Spores were 
germinated on glass slides coated with a thin film of yaseline. The 
vaseline served the double purpose of stimulating germination and 
fastening the spores and germ tubes to the slide. Permanent prepa¬ 
rations were made. The material was fixed by immersing the slide 
in fixing fluid, then washed, dehydrated, stained, and mounted in 
balsam. A rich growth of germ tubes was obtained, but no indica¬ 
tion of fusion was noted. 

VEGETATIVE GROWTH OF THE FUNGUS 

After entry the fungous plasm originally present in the spore is 
massed in a rounded vesicle just inside the stoma, and this move has 
been accomplished without food other than that originally stored in 
the spore. The next step is the formation of the infecting hypha. 
The hypha grows inward across the air chamber beneath the stoma, 
taking a course at right angles to the epidermis of the leaf. (PL 3, 
B, C, E.) This is in marked contrast to the behavior of the first 
hypha in stem rust (S), which skims along the inner surface of the 
epidermis to the mesophyll cell nearest the end of the stoma. 

(Cytoplasm and nuclei flow into this infecting hypha (pi. 2, B), 
leaving the vesicle h nearly or quite evacuated. On striking a 
mesophyll cell (pi. 2, C) a septum may form just back of the tip, 
giving rise to a short terminal cell, a, the haustorium mother cell. 
The hypha may pass the first cell, however, and not start this process 
until the second contact. (PI. 2, B.) In a number of young hyphae, 
as in Plate 2, B, six nuclei were counted. The nuclear content of 
the first haustorium mother cell is not easy to determine, because it 
usually is dense; but, as the vesicle often contains eight and the hypha 
six nuclei, the haustorium mother cell probably has two. 

In Plate 3, B, a dense young haustorium has formed and appears 
in the next section at a point corresponding to d. In the older 
specimen drawn in Plate 3, C (fixed six days after inoculation), the 
mother cell a is empty and the haustorium h has expanded and its 
nucleus shows the chromatin network and the dense peripheral 
granule of the typical haustorial nucleus. 

In no case observed, up to the sixth day at least, has the host cell 
suffered visibly from the invasion. It is not plasmolyzed, coUapse^, 
nor even impoverished. The only disturbance noted is in the host 
nucleus, which may move over to the haustorium. This would 
appear to be an independent motion of the nucleus, unaccompanied 

EXPLANATORY LEGEND FOR PLATE 4 

A.—Portion of vegetative mycelium in 6-day infection, showing groups of three nuclei in the hyphae at 
a, ft, and c 

Bi to Bj.—Single hyphae showing nuclear content. Bi hypha from 5-day infection; eel Jmultinucleate. 
B 2 and Bs, from 6-day infection, growing tips with three nuclei. Bi, trinucleate cell from 8-day infection. 
Bs and Ba, vegetative trinucleate cells from margin of 16-day infection. B?, pair of nuclei in cell just below 
epidermis beyond the edge of the uredinium. X 730 

C. —Haustorium mother cell (a) with three nuclei. X 730 

D. -—Haustorium mother cell with four nuclei from 5-day infection. X 730 

E .—Haustorium mother cdl with three nuclei from 12-day infection. X 730 

F. —Detail from 5-day infection. Three nuclei in hypha, 6. Trinucleate mother cell ato, young haus¬ 
torium ate. X 730 

G. —Nine-day infection. Very young haustorium at a. Haustorium at c, with one spherical nucleus and 
granules at 6 and d, Haustorium at / with granules at e and g. In the older haustorium (at %) the two 
granules have disappeared. X 730 

H. —Large haustorium with one nucleus (c) and granules at a and &. Host nucleus (/) midway between 
haustoria c and e. X 730 
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by the other cell contents; at least no massing of cytoplasm and plas- 
tids about the haustorium has been noted. In two cases observed, 
one of which is illustrated in Plate 3, D, the host nucleus a is wrapped 
around the young haustorium 6 , partly inclosing it. ^ 

In all cases the infecting hypha gives rise to one or more branches 
soon after its own advance is checked by the formation of a haustor¬ 
ium. (PI. 3, C, c, d] pi. 3, D, c) and pi. 3, E, a, c.) ^ These branches 
grow, come in contact with host cells, form haustorium mother cells 
and haustoria, and in their turn they branch, and repetition of this 
process soon results in a rich branching system of hyphae. Early 
in this development the older hyphae are partly or wholly empty, 
their contents apparently having drained toward the growing tips. 
This conservation of living material speeds the advance of the fungus. 

The nuclear history during this vegetative development has been 
followed in some detail. Uredinial generations of rusts are con¬ 
sidered to be sporophytic, and as a rme are made up of binucleated 
cells. The physiologic form of leaf rust studied here presents con¬ 
siderable deviation from this rule. 

As already noted, the spore has two nuclei, the appressorium four 
or more, the substomatal vesicle commonly eight, and the infecting 
hypha, after forming the first haustorium mother cell, often contains 
six. In the further development, one or two of these nuclei usually 
are left behind close to the substomatal vesicle (pi. 3, E, and pi. 
3, C, e), and the others divide and their progeny become distributed 
to the branches. Early hyphae of the young fungus have a some¬ 
what irregular nuclear content. Four or even more nuclei in a cell 
(pi, 4, Bi) are not rare. Soon, however, groups of 3 nuclei (pi. 4, 
A, a, &, c; and pi. 4, B 2 to Bg) become conspicuous. 

Hundreds of these groups of three nuclei have been encountered 
in infections of different ages, grown at different times of the year 
and on different hosts. It is not a simple matter, however, to de¬ 
termine that vegetative cells are regularly trinucleate. The hyphae 
are confined to the irregular communicating air spaces of the spongy 
mesophyll tissue, and it is seldom possible in sectioned material to 
trace an individual hypha through any great distance. Moreover, 
the septa delimiting a cell are thin, and in young hyphae with dense 
cytoplasm they are easily overlooked. When, occasionally, cell 
limits are clear, especially in oldex', partly drained hyphae (pi. 4, B, 
B 5 , Bg), it is evident that trinucleate cells are being dealt witn. It is 
not obvious why the number should be three. 

This trinucleate condition in a mycelium does not originate in 
connection with a fusion of two fungi at the beginning of infection. 
Young fungi occur with characteristic groups of three nuclei, in which 
it can still be determined with certainty that a single appressorium 
was present at the point of entry. 

Haustoria form and expand freely. They are regularly uninu¬ 
cleate. In view of the multinuclear mycelium giving rise to them, 
it was of interest to trace their origin and growth.^ When the tip of a 
hypha strikes against a host cell, and its growth in length is forcibly 
checked for the moment, the changes preparatory to haustorium 
formation set in. The nuclei divide, one set of daughter nuclei 
moves out into the thickened tip of the hypha, and a cross wall 
formed just back of this tip isolates a short terminal cell, the haustor¬ 
ium mother cell. This ceU usually flattens out somewhat against 
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the host-cell wall and often becomes shoe-shaped. (PI. 4, C, a; pi. 
3, C, a; pi. 3, D, d] and pi. 4, E.) It regularly has three nuclei 
(pi. 4, C, a; pi.-4, F, a; and pi. 4, E, a ); rarely two or four (pi. 4, D). 
These nuclei become markedly reduced in size, as may be seen by 
comparing them in Plate 4, F, at a, with their sister nuclei in the 
hypha at b. 

The contents of the haustorium mother cell now pass through the 
wall into the host cell. First a slender tube forms, extending into the 
host cell, usually at right angles to the wall at that point. The 
cytoplasm and the three minute nuclei of the mother cell pass through 
this tube or “ neck ” of the haustorium, forming at its inner end a dense 
globular head within which no details of structure can be seen at 
first. (PI. 4, F at c and G at u.) By absorption of water, it soon 
expands and the cytoplasm of the haustorium opens into a reticulate 
structure within which appears a single globular nucleus. (PI. 3, C, 
b; pi. 4, G, c,/, h; and pi. 5, A.) This nucleus contains a rather coarse 
chromatin net and a single densely stained rounded granule at its 
periphery. 

The question at once arises as to what becomes of the other two 
nuclei. None remains behind in the mother cell. Do all three fuse 
to form the single nucleus found in the haustorium, or do two of the 
three degenerate? A study of half-grown haustoria shows the 
regular presence of two small dense bodies in the cytoplasm, usually 
near the nucleus and on opposite sides of it. In Plate 4, G, the hau- 
storial nucleus c is attended by small masses at b and d, and the nucleus 
at/by bodies at e and g. Sometimes these appear fragmented, as in 
Plate 5, A, &, c. Ordinarily they disappear as the haustorium matures 
(pi. 5, E, F) but may occasionally still be seen (pi. 4, H, a, b). It 
seems probable, then, that the central nucleus survives and that the 
other two nuclei degenerate. 

Haustoria extend in all directions within the cell, and it often 
happens that the neck of the haustorium is removed in sectioning. 
It is assumed, however, that in life a haustorium continues to be 
connected by this tube with the mother cell outside. Ordinarily the 
neck remains slender. (PI. 4, H, (Z; and pi. 5, E, a.) A few cases'have 
been seen, as in Plate 5, F, at a, in which|the neck shortens and 
thickens and the host wall near by swells. 

••In shape the great majority of the haustoria are cylindrical or 
worm-shaped, A few (pi. 5, E, &) become irregularly branched. 
They attain large size. In 9-day infections the 10 largest that were 
measured averaged 39 ix in length, and in 16-day infections they 
averaged 44 

The nucleus of the host seems to be powerfully attracted by the 
haustorium. A nucleus is often seen flattened out against it. (rl. 5, 
B, a, b,) When two haustoria lie a short distance apart (pi. 4, PI, 
c, e) the nucleus/is often midway between the two. When nearer 
together (pi. 5, D, <x, b) the nucleus may be drawn put into a dumb¬ 
bell-shaped body (c) having contact with both haustoria. Its shape 
suggests amoeboid motion, but of course in fixed and stained material 
the evidence is inadequate. An unusual case is seen in Plate 5, C. 
The host cell is binucleate, and both nuclei (a, 6) are stretched out 
against the haustorium, c. This contact of nucleus and haustorium 
does no visible harm to either body; both continue to live and function. 
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Of rare occurrence is the peculiarly degenerated haustorium figured 
in Plate 5, G, a. It gains significance from the fact that these occur 
commonly in infections of this rust on less susceptible hosts. Even 
this dead haustorium is accompanied by the host nucleus, 6, 

REPRODUCTION 

Reproductive activity begins early in leaf rust. The first spores 
are lioerated on the eighth or ninth day, or sometimes as early as the 
seventh. With the onset of reproduction there comes a marked 
change in nuclear relations. Any section through the margin of a 
uredinium where the spores are still young and thin-walled (pi, 6, A) 
shows that spores are uniformly binucleate. A small portion of spore¬ 
bearing tissue is drawn on a larger scale in Plate 7, A. Spores (pi. 
7, A, a^ h) and stalk cells (c, d) are binucleate. The reproductive 
cells beneath are partly drained, the cytoplasm is diminished in 
amount, and the nuclei are reduced in size and sometimes indistin¬ 
guishable. Occasionally, however, as in Plate 7, A, e and/, cells at 
some depth below the surface are binucleate. 

Peeding hyphae at the center (pi. 6, A, B) are too closely interwoven 
to make it possible to determine cell limits. Moreover, the trans¬ 
location of food materials from the central mycelium to the reproduc¬ 
tive areas at the surface has left these hyphae nearly empty, and their 
nuclei, when visible at all, are vague. 

It is in the marginal regions of the infections, if anywhere, that 
the mode of origin of the binucleate condition is to be determined. 
Apparently it is in only those cells soon to give rise to spores that this 
change taKes place, for vegetative hyphae of the deeper tissues still 
show the groups of three nuclei, (rl. 4, Bg.) Even a week or 10 
days after reproductive activities have begun, one still may see them 
in feeding hyphae in the outskirts of the infection. In Bg in Plate 
4, taken trom a 16-day infection, is a young haustorium (J) from a 
mother cell (c), and just below it the three nuclei are passing out into 
the branch at a. 

But along the line of spore formation just below the epidermis, 
fungous cells become binucleate. As the uredinium spreads radially, 
more and more of the subepidermial mycelium changes character, and 
this takes place considerably in advance of spore formation. Sub- 
epidermal binucleate cells may sometimes be found 150 ju beyond 
the young spores. 

Attempts to discover just how this change takes place have led to 
rather puzzling results. Theoretically it might happen in any one of 
several ways. A trinucleate cell mignt divide into two, leaving one 
nucleus behind in the penultimate cell and two in the terminal cell. 
In its further growth the terminal cell would give rise to a series of 
binucleated cells. This appears to happen in some cases. In Plate 


EXPLANATORY LEGEND FOR PLATE 5 

A.—Haustorium with nucleus at a, and a group of small granules at b and c. Host wall swollen and 
disintegrated at d, X 730 

B .—Haustorium (fl) with host nucleus (6) flattened against it. X 730 

0.—Host cell binucleate, and both nuclei (o and b) are stretched out along the haustorium c. X 730 
I).-Dumb-bell-shaped host nucleus c making contact with two haustoria, a and b. X 730 
E.—Branched haustorium (6) with long, slender neck (o), in 10-day infection. Host cell still vigorous. 
.'#730 

"feT-Old haustorium with short, thick neck at c, and the near-by host cell wall swollen. X 730 
^ '#,^-Detail from l6-day infection. Dead haustorium a composed of central core, and a lighter-staining 
■feleyer. Host nucleus at b. x 730 
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Puccinia triticina physiologic form 11 on seedlings of Little Club wheat 
(For explanatory legend see p. 208) 








Puccinia triticina p. f. 11 on Little Club Wheat 


Plate 6 



Puccinia iriticina physiologic form H on seedlings of Little Club wheat 
(For explanatory legend see p. 209) 
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7, C, there are binucleate cells (&., c), and back of them, in the same 
hypha, is-a uninucleate cell (a). 

The binuclear condition also would be established if one nude s of 
a trinucleate cell divided, forming a cell with four nuclei, and a cross 
wall separated it into two cells of two nuclei each. No direct proof 
of this has been seen. Subepidermal cells containing four nuclei 
occur. (PL 6, D, a.) If binucleate cells arose in this manner it 
would be diflS.cult to prove it after the event, for the result of an 
ordinary division of a binucleate cell would look the same. 

A binucleate cell might arise by the degeneration of one of the three 
nuclei, by some process similar to that which regularly occurs in the 
haustorium. This also is not proved, although such cases as the cell 
in Plate 6, D, &, with two normal nuclei and dense granules near by, 
are suggestive. 

Two nuclei of a trinucleate cell might fuse, giving rise to a binu¬ 
cleate cell, but there is no evidence that this occurs. The nuclei of 
these short cells are usually in contact, and occasionally one sees a 
large nucleus with two nucleoli, but this in itself is not proof. 

In Plate 6, C and E, are two cells each containing one full-grown 
nucleus and a pair of halt-gyown nuclei. This condition probably 
arose by the independent division of one of the nuclei of a binucleate 
cell. Evidently the simultaneous “conjugate divisions'’ which 
maintain the binucleate condition in other rusts are not well estab¬ 
lished in this readjustment period. 

Possibilities of a different type are indicated in the specimens 
drawn in Plate 7, D and E, one of which (D) was found in a 6-day 
infection and the other (E) in a 12-day infection. In both of these, 
two hyphae converged and fused (pi. 7, D and E, at a) and an en¬ 
larged mass formed at the point of union. In Plate 7, D, the two 
fusing hyphae (6 and c) can be traced back a considerable distance. 
One, at least (&), is multinucleate. Coming out of the fused mass 
are one abortive hypha id) and one vigorous hypha which has formed 
a haustorium mother cell, at e. A small haustorium from it appears in 
the next section, and abranch (/) contains apair of nuclei. Plate7, E, is 
similar in essentials. The mycelium near by is mainly binucleate. 

This process suggests at once the fusions of two s^arate fungi 
noted at the stoma at the beginning of infection. The question 
arises as to the parentage of the fusing hyphae here. When adjoin¬ 
ing stomata are entered by individual sporelings, their resultant 
mycelia become intimately intermingled. Under such circumstances 
adjoining hyphae might come from different parents. 

In neither of these cases is the evidence absolute. In the section, a 
portion of which is figured in Plate 7, D, there are several young 
infections slightly overlapping. The hyphae that fuse can be 
traced back toward the point of entry. The point g is only 50 n 
away from the original infecting hypha at the stoma, and the other 

EXPLANATORY LEGENU FOE PLATE 6 

A.—Marginal portion of a nredinium in a Q-day infection. Host tissues vigorous. Young spores and 
stalk cells binucleate. X 333 

B .—Portion of section through 16-day infection. Fungus not massive, but spore production heavy at both 
surfaces. Host tissues living and not seriously impoverished. X 333 

C .—Fungous cell just below epiderrqjs, 200 m beyond margin of uredinium. Contains a pair of young 
nuclei at the tip and one large nucleus at the base. X 730 

D.—Subepidermal mycelium in the region of transition to binucleate condition, containing two to four 
nuclei per cell. Pour nuclei in cell at a. At b, cell with two nuclei and two dense granules. X 730 

E .—Cell just below epidermis, with pair of small daughter nuclei and one full-grown nucleus, x 730 
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hypha (c) came from the same direction. The probability is that in 
this case the fusing hyphae are rather closely related. In an older 
infection this would be still harder to determine, for the early history 
of the fungus is more or less obliterated by the later growth. In the 
older infection from which Plate 7, E, was drawn, only one discolored 
stoma was noted (indicative of the point of entry of the fungus), but, 
as part of the epidermis over the open uredinium was missing, it is 
possible that more than one mycelium was present. 

How frequently and under what conditions this type of fusion 
occurs is not known. Both of these cases were found in the relatively 
free space of a substomatal cavity. In almost any other location they 
would pass unnoticed. Even here they would have been overlooked 
after other hyphae had closed in around them. 

Taking place as it does in tissues about to form spores, this fusion 
also is vaguely suggestive of the fusions which occur at the base of 
the aecium in other rusts. Nothing is known of the nuclear phe¬ 
nomena here, nor of the later development from the fusion, nor what 
share, if any, the fusion has in the establishment of the binucleate 
spore-bearing tissue. 

By whatever process or processes the shift to the binucleate condi¬ 
tion takes place, it works efficiently. The mother cell of the spore 
(pi. 7, A, g) is regularly binucleate, and upon its division the spore 
and the stalk ceU each receive 2 nuclei. (PL 7, A, a, J, c, d.) 

As the spores mature they round up, their wall thickens, and their 
stalks elongate. When the stain is favorable, a number of scattered 
germ-pores in the spore wall can be seen. (PL 6, B.) The spores 
are set free by the rupture of the epidermis. The spore stalks 
wither and new spores push out between them. (PL 6, B, a, 1.) 
This process continues as long as food is available. 

' In spite of the congeniality of parasite and host, the leaf-rust 
mycelium in seedling leaves does not attain a very massive growth nor 
any great diameter. The limited spread of Puccinia triticina within 
the leaf may be explained by the weak development of runners 
or stolons. ” Even in 16-day infections the marginal growth of the 
fungus is composed of ordinary feeding hyphae with haustoria at fre¬ 
quent intervals. The long, straight, rapidly growing, sparsely 
septate and sparsely branched stolons, so common in stem-rust 
infections from the sixth day on, are rarely encountered here. Sec¬ 
ondary uredinia do occur, however, under favorable conditions. 
Plate 8, A, is reproduced from a photograph of a 25-day culture 
on Trumbull, a very susceptible variety of wheat. The circle of 
secondary uredinia is separated by a narrow clear space from the 
primary. No second circle of uredinia has been noted. A comparison 
of this with the corresponding development of stem rust under favor¬ 
able conditions shows a marked contrast. In Plate 8, B, is shown, at 


EXPLANATORY LEGEND POR PLATE 7 

A. —Margin of uredinium from 9-day infection fixed at 4 p. m. Spores (a, h), stalk cells (c, d), and deeper 
lying cells (e, f) binucleate. Starch content of host tissue moderate. X 730 

B. —Cell just below the uredinium of a 10-day infection on a weakened leaf. Plastids with maximum 
starch content. X 730 

C. -—Subepidermal mycelium near margin of uredinium. Hypha with uninucleate cell at a, and two 

binucleate cells at & and c, x 730 • 

D. —Portion of subepidermal mycelium from 6-day infection near stoma of entrance. Cells chiefly tri- 
nueleate. Hyphae h and c meet and join at a. Proceeding from a are a vegetative hypha with haus- 
torim mother cell at e and branch at /, and an aborted hypha at d. X 730 

E. —My odium in substomatal cavity at margin of 12-day uredinium. Cells chiefly binucleate. Cells 
at 5 and c fuse at a. Prom the point of union proceed an aborted tip and a vigorous vegetative hypha, 
X730 



Puccinia triticina p. f. 11 on Little Club Wheat 


Plate 7 



Puccinia triticina physiologic form 11 on seedlings of Little Club wheat 
(For explanatory legend see p. 210) 
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hyiDha (c) came from the same direction. The probability is that in 
this case the fusing hyphae are rather closely related. In an older 
infection this would be still harder to determine, for the early history 
of the fungus is more or less obliterated by the later growth._ In the 
older infection from which Plate 7, E, was drawn, only one discolored 
stoma was noted (indicative of the point of entry of the fungus), but, 
as part of the epidermis over the open uredinium was missing, it is 
possible that more than one mycelium was present. 

How frequently and under what conditions this type of fusion 
occurs is not known. Both of these cases were found in the relatively 
free space of a substomatal cavity. In almost any other location they 
would pass unnoticed. Even here they would have been overlooked 
after other hyphae had closed in around them. 

Taking place as it does in tissues about to form spores, this fusion 
also is vaguely suggestive of the fusions which occur at the base of 
the aecium in other rusts. Nothing is known of the nuclear phe¬ 
nomena here, nor of the later development from the fusion, nor what 
share, if any, the fusion has in the establishment of the binucleate 
spore-bearing tissue. 

By whatever process or processes the shift to the binucleate condi¬ 
tion takes place, it works efficiently. The mother cell of the spore 
(pi. 7, A, g) is regularly binucleate, and upon its division the spore 
and the stalk cell each receive 2 nuclei, (rl. 7, A, a^^ &, c, d.) 

As the spores mature they round up, their wall thickens, and their 
stalks elongate. When the stain is favorable, a number of scattered 
germ-pores in the spore wall can be seen. (PI. 6, B.) The spores 
are set free by the rupture of the epidermis. The spore stalks 
wither and new spores push out between them. (PI. 6, B, a, h.) 
This process continues as long as food is available. 

In spite of the congeniality of parasite and host, the leaf-rust 
mycelium in seedling leaves does not attain a very massive growth nor 
any great diameter. The limited spread of Puccinia triticina within 
the leaf may be explained by the weak development of “runners” 
or “ stolons. ” Even in 16-day infections the marginal growth of the 
fungus is composed of ordinary feeding hyphae with haustoria at fre¬ 
quent intervals. The long, straight, rapidly growing, sparsely 
septate and sparsely branched stolons, so common in stem-rust 
infections from the sixth day on, are rarely encountered here. Sec¬ 
ondary uredinia do occur, however, under favorable conditions. 
Plate 8, A, is reproduced from a photograph of a 25-day culture 
on Trumbull, a very susceptible variety of wheat. The circle of 
secondary uredinia is separated by a narrow clear space from the 
primary. No second circle of uredinia has been noted. A comparison 
of this with the corresponding development of stem rust under favor¬ 
able conditions shows a marked contrast. In Plate 8, B, is shown, at 


EXPLANATOEY LEGEND FOR PLATE 7 

A. —Man^in of uredinium from 0-day infection fixed at 4 p. m. Spores (a, b), stalk cells (c, d), and deeper 

lying cells {«, f) binucleate. Starch content of host tissue moderate. X 730 * 

B. —Cell just below the uredinium of a 10-day infection on a weakened leaf. Plastids with maximum 

starch X 730 

O.—Sub^dermal mycelium near margin of uredinium. Hypha with uninucleate cell at a, and two 
biMteate cells at b and c. X 730 « 

D. —Portion of subepidermal mycelium from 6-(toy infection near stoma of entrance. Cells chiefly tri- 
nndeate. Hyphae h and c meet and join at a. Proceeding from a are a vegetative hypha with haus- 
torim mother at e and branch at f, and an aborted hypha at <f. X 730 

E. —Mye^um in substomatal cavity at margin of 12-day uredinium. Cells chiefly binucleate. Cells 
at k arad c fuse at a. From the point of union proceed an aborted tip and a vigorous vegetative hypha, 







Puccinia triticina p. f. 11 on Little Club Wheat 


Plate 8 



Pwxinid triticina physiologic form 11 on seedlings of Tnttle Club wheat 
k..—Pucdma triticina physiologic form 11 on Trumbull wheat grown in greenhouse. Rust 25 days old. 
Scant development of secondary sori. X 3. 

B. —A single-spore, 23-day culture of Puccinia graminis tritici physiologic form 3 on Little Club wheat, 
showing secondary uredinia. X 3. 

C. —Same culture as in B, at 39 days of age, showing further development of secondary uredinia. X 3. 
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the same magnification, a single-spore infection of stem rust {Puccinia 
graminis tritici physiologic, form 3) 23 days old on Little Club. 
Plate 8, C, shows the same infection at 39 days. Three or four 
concentric lines of uredinia hare formed at broad uniform intervals. 
The total spread of the fungus is six or eight times that of leaf rust. 

RELATION TO THE HOST 

The host tissues in and about the infection show remarkably little 
disturbance in either cell walls or cell contents. Except for the 
modification of guard-cell walls at the point of entry of the fungus, 
there is very litfle effect on the cell walls of Little Club. As far as 
has been observed, it seems to make very little difference whether 
the host is young or old, or whether the fungus is grown xmder favor¬ 
able or unfavorable conditions; the walls of the host plant rarely are 
affected. Once in a while a limited spot is swollen (pi. 5, A, d), but 
this is exceptional. 

Another phase of the interaction of host and parasite is the height¬ 
ened osmotic pressure of infected tissue. In all but the youngest 
infections a fixing fluid which will fix the fungus and the infected 
host tissues well, often wiU shrink the healthy tissues of the leaf. 
It is not clear whether this increased turgor is due directly to some 
substance secreted by the fimgus into the host cell or to the height¬ 
ened or altered activities of the ceU in response to the fungus or to a 
combination of the two. 

The infected tissues live on. Sometimes there is not a single dead 
cell in 9-day and 12-day infections, and even in 16-day infections 
there is not more than 1 per cent of dead cells. In former stem-rust 
studies it was noted that even in fairly congenial relationships the 
first host cell attacked by the young fungus often rapidly collapsed 
and died. Here, on the contrary, the cell containing the first hausto- 
rium is alive and apparently nmctioning normally on the fifth oi' 
sixth day of the infection. Later than this it is not always possible 
to identify the first cell, for the early history often is obscured by the 
massing of the fungus below the epidermis for reproduction. The 
one or two dead cells in old infections are at the center of the infection 
and just below the epidermis, however, and may well be the first 
cells invaded by the fungus. 

A closer study of the conditions in infected host cells shows even 
more clearly how slight are the visible alterations in cell activities. 
The size of plastids, except when they are gorged with starch, is an 
index of the vigor of the ceU, for in impoverished tissues plastids 
become reduced and disappear. 

Plastids were measured in infections of different ages (Table 1), 
at the center and the margin of the infection, 50 jjl beyond the outer¬ 
most hypha, and at a distance far enough away to be beyond any 
influence of the fungus. Each figure in the ta^le represents the 
average of 20 plasti^, 5 from ea<m of 4 infections. Only plastids 
in the first layer of cells below the epidermis were measured. 

The data in Table 1 indicate that there is very little impoverish¬ 
ment of the host tissues in and about the infections. In the 5-day 
material the normal plastid is 4.4 X 2.3 /x, and at the center of the 
infection it is 3.9 X 2.5 /x. In the 16-day material the normal plastid 
is 4 X 2.2 jw, and at the center it is 3.5 X 2.3 /x. Allowing for the normal 
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decrease of plastid size in the older leaves, the reduction in size in 
the older, infections is relatively little greater, if any, than in the 
younger ones. There is a scarcely perceptible impoverishment of 
tissues beyond the fungus. 

Table 1.— The size of plastids in and around infections of Puccinia triticina 
physiologic form 11 of different ages on Little Club wheat. ' {Bach figure represents 
the average size in ijl of 20 plastidSy 5 from each of 4 infections) 


Size of plastids 


Age of infeetion 

In center of 
infection 

In margin 
of infection 

50 n beyond 
margin 

Normal 

5 days... 

3.9X2.5 

3.9X2.4 

4.4X2.3 

4.4X2.3 

9 days...-. 

4.0X2.5 

3.9X2.3 ! 

4.0X2.2 

4.2X2.2 

12 days.■..... 

3.7X2.5 1 

3.6X2.5 

41X2.7 

4.2X2.5 

16 days..... 

3.5X2.3 

3.6X2.1 

3.8X2.2 

4.0><:2.2 



The starch content of these plastids is of interest. A comparison 
was made of infections of different ages in two sets of seedlings grown 
under different conditions. (Table 2 .) The first set was grown in 
the field in the spring of 1924 in clear, dry weather; the second, third, 
and fourth leaves were inoculated; the infected leaves were turning 
yellow at the end of the series. The second set was grown a year 
later in a wet season with intermittent dark days; the fourth to the 
sixth leaves were inoculated; the infected plants grew vigorously, kept 
their color, and a heavy crop of uredinia developed. In both sets, 
material was fixed at intervals during the growth of the fungi, and 
slides were prepared. The range of starch content in each lot was 
estimated. In grading it, So signifies no visible starch, S 3 the maxi¬ 
mum, and Si and Sg intermediate quantities. Each figure in the table 
is the result of observations on three to six infections. 

The contrast between the two sets is marked. (Table 2 .) The 
second set of plants grew well in spite of the heavy infection, and the 
starch content of the plastids within the infected areas was nearly 
equal to that beyond them. With one exception, the leaves were 
fixed in the morning, when normally there is little starch left in the 
leaf. Where there a difference between the starch content of 
the healthy and the infected tissues, the infected tissue contained 
the most, but the difference was sUght. The 9-day material W 8 ^ 
fixed in the afternoon. The healthy tissue was slightly higher in 
starch; the infected tissue contained about the same amount of starch 
as when fixed in the morning. 

On the contrary, there was a markedly greater amount of starch 
in the infected tissue, in the 1924 series. (Table 2 , set 1 , also fixed 
in the morning.) The starch content increased up to the tenth day, 
when limited areas in the center of the infection showed the maximum 
and the plastids were gorged and swollen with starch. (PL 7 , B.) 
The contrast between this and the condition on the ninth day in the ^ 
1925 set (pi. 7, A) is striking. The leaf fixed on the fourteenth day 
was b^irming to turn yellow, and plastids outside of the infections 
were smaller. At the center of the infection the starch was about 
gone, but near the margin it graded S 2 . The situation was substan- 
;iially the same on the seventeenth day. 
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Table 2. —Summary of starch content of plastids in two sets of infections of Puccinia 
triticina physiologic form 11 on Little Cluh grown in the field, graded from Sq 
( no visible starch) to S 3 (the maximum) 


Set 1 

Sown Apr. 7, 1924; inoculated Apr. 30,1924 (dry 
season) 

Set 2 

Sown Mar. 5, 1925; inoculated May 11,1925 (wet 
season) 

Age of 

1 

Starch in plastids in 

Starch in plastids in 

Age of 

Starch in plastids 

Starch in plastids 

infection 

infected tissue 

uninfected tissue 

infection 

in infected tissue 

in iminfected tissue 

6 days.... 
8 days.— 
10 days... 


So to Si. 

5 days—. 


Si to Si+. 

50— to S 2 — 

51- to Si. 

Si_to S 2 . 

S 2 to S3. Plastids 
enlarged. 

i So+ to Si-- 

So+ to Si _ 

9 days at 

4 p. m... 
12 days... 


' So+ to Si— Leaf 
turning yellow. 

Si- to S 2 _ 

14 days— 

So at center of in- 
infection to S 2 at 

16 days... 

So to Si-.. 

So to Si— 

17 days— 

its margin. 

So+ at center to S 2 
at the margin. 

Plastids reduced 
in size. 

So to Si_ 




Further information concerning conditions in infections is to be 
gained by study of the nuclei. Nuclei were measured at the center of 
infections of different ages and in tissues of the same leaf far enough 
removed from the fungus not to be influenced by it. The data are 
given in Table 3. Each result represents the average of 20 nuclei, 5 
from each of 4 infections. The normal nuclei vary a little in size. 
The writer has observed that the nuclei of the cells which contain 
haustoria are always a little larger than the corresponding nuclei of 
healthy tissues, and different in shape. The maximum occurs in 
12-day infections where the normal nucleus is 8.5 X 6.2 and the nu¬ 
cleus in diseased tissue is 10.6x6.3 /z. The increase in volume is 
not so great as the dimensions indicate, however. There is a tendency 
for the nucleus to stretch out toward or along a haustorium. The 
diameter of the body of the nucleus remains unchanged, and the long 
tapering point at one end represents a relatively Sight increase in 
volume. Not all nuclei undergo this elongation, but, taking them as 
they come, they decidedly affect the average length of the nuclei. 
This is in marked contrast to a number of cases in stem rust of wheat, 
in which nuclei increased in volume several fold and then collapsed 
and died. 

Table 3. —Size (in n) of living nuclei in infection and normal tissue of Little Club 
seedlings infected with Puccinia triticina physiologic form 11 . {Each figure 
represents the average of 20 nuclei^ 5 from each of Jf. infections) 


Age of infection 

Size of nuclei 

At center 
of infection 

In normal 
tissue 

6 da^s. 

8.8X7.0 
10.1X6.3 
10.6X6.3 

9.1X7.4 

8.2X7.1 

8.6X6.5 

8.5X6.2 

8.7X7.4 

9 days. 

12 days. 

16 days. 

Average. 

9.6X6,7 

i 8.5X6.8 



Relatively few nuclei die, and the number seems to vary somewhat 
with the vigor of the rust-infected leaf. Counts were maae in several 
mfections of 5, 9, 12, and 16 day material. A nucleus was con- 
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sidered dead when it had shrunk somewhat and stained a homo¬ 
geneous red in which no chi'omatin net was discernible. Fewer 
than 10 per cent of the nuclei had died, even in the oldest infection 
studied. (Table 4.) In the exceptionally vigorous tissues of the 
12 -day infections less than 2 per cent of the nuclei died. 


Table 4. —Percentage of dead nuclei in infections of Puccinia triticina physiologic 
form 11 on Little Club seedlings. {Several infections were included in the count 
for each age) 


Age of infection 

Number 

counted 

i Number 
dead 

Percent¬ 
age dead 

5 days______ 

150 

3 

2.0 

9 days..... 

530 

39 

7.3 

12 davs... 

698 

13 

1.9 

16 days.... 

1,056 

99 

9.4 




INFECTIONS ON OLDER HOST PLANTS 

A brief comparative study was made of this strain of leaf rust on 
older plants of Little Club. The seedlings were grown in the field 
and inoculated artifically. In their later growth the rust spread 
naturally, infecting the new leaves as they grew. AU stages of the 
development of the rust were present, but the exact age of any par¬ 
ticular infection was not known. Material was fixed at three stages— 
(1) when the culms began to push up; (2) when they were half grown; 
and (3) the uppermost leaf, when the heads were" 3 or 4 inches out 
of the sheath. 

A cytological study of these infections showed only minor differ¬ 
ences. The later leaves had more substance than the seedling leaves, 
and the fungus made a heavier, more massive growth on them. The 
sori were longer, and the spore output of each sorus was greater than 
on the seedlings. 

In the detaus of the relations of rust and host there were few dif¬ 
ferences. Here, as before, there was a luxuriant development ot 
haustoria, but the average length of the largest ones seen was 44 ju, 
about the same as in the seedlings. Here, too, the invaded host 
cells maintained their vigor and appeared to function almost nor¬ 
mally. The starch content of the plastids within the infections was 
equal to or slightly greater than that in healthy tissue. The host 
nucleus was in contact with the haustorium. It usually was spherical 
or nearly so, but may have been drawn out irregularly, especially if 
two or more haustoria occurred in one cell. In Plate 9, A, are two 
unusually distorted nuclei. The nucleus a came in contact with the 
haustorium then extended into a lobe almost disconnected with 
the main body of the nucleus, which forms contact with a second 
haustorium (c). In an adjoining cell (pi. 9, A) the nucleus d is 


EXPLANATORY LEGEND FOR PLATE 9 

A, —Detail of mycelium. Lobed host nucleus a in contact with haustoria 6 and c. The much-elongated 
host nucleus d has formed contacts with haustoria at e, /, and g. X 730 

B to E.—Stagedin the crushing of suhepidermal mesophyll below uredinia. 

B. —-Hypodermal cell a, somewhat narrowed, due to lateral pressure induced by the mycelium. X 333 

Increasing pressure has reduced outer half of mesophyll cell a to a mere slit. X 333 
D.—Mesophyll cell & dead. No cell lumen left in outer half, a. X 333 
5 .—M^phyU cell a completely crushed. X 333 

>art way through leaf bearing old uredinium. Partly crashed host cell at a. Completely 
latd. Host cell at cstin living. Deeper-lying host cells, as at d, are not arushed but are jrfa^ 
X3®3 








uccmia triticina p. f* 11 on Littie Club Wheat 


Plate 9 



Fuccinia tritkina physiologic form 11 on heading plants of Little Club wheat 
(For explanatory legend see p, 214) 
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tion occurs either by the migration of a nucleus from one cell to 
another (4, ^8^ 24 ) or by the resorption of the walls between two 

adjoining uninucleate cells. { 6 , 7, 5 , 28 j 16 , 33 , 24 -) The layer of 
binucleate or sporophytic cells so initiated gives rise by conjugate 
divisions to binucleate aeciospores. The sporophyte continues on 
through the uredinial generations. Only in the young teliospores do 
the two nuclei fuse (32 ). Upon the germination of the teliospore the 
fusion nucleus divides twice and there is evidence {32, 19 , 4 ) that 
these are reduction divisions. The sporidia borne on the promy¬ 
celium initiate the gametophyte once more. 

Numerous deviations from this regular cycle are recorded in the 
literature of rust cytology, and to these can be added the minor 
aberrations found in Puccinia triticina physiologic form 11. 

Puccinia triticina can continue to live lor an extended period by 
means of an unbroken line of uredinial generations. Indeed, the 
probability is that it must do so in America, as the aecial host is 
rarely present. In answer to an inquiry on this point, E. B. Mains 
states: 

In regard to your question as to the per cent of cases in which the American 
leaf rust (of wheat) completes its life cycle, I believe that this very seldom occurs. 
Our work indicates that the only susceptible species of Thalictrum are one or 
two European species, especially Thalictrum flavum. 

Teliospores form, to be sure, and germinate {20), but in the ab¬ 
sence of the aecial host this is a blind alley in the life cycle, and the 
on^ effective continuance is by means of urediniospores. 

This long-continued uredinial series takes place without apparent 
diminution in the vigor of the fungus. Cytological study of this 
physiologic form of the rust, however, reveals a number of irregu¬ 
larities which might be variously interpreted as signs of oncoming 
degeneration or as sporadic ill-defined ways of compensating for the 
missing sexual part of the cycle. Briefly, these are (l) the occasional 
fusion of two appressoria or of two substomatal vesicles; (2) regu¬ 
larly multinucleate cells in the first hyphae, followed by (3) the con¬ 
spicuous groups of three nuclei and trinucleate cells throughout the 
vegetative development; (4) regularly uninucleate haustoria from 
trinucleate haustorium mother cdls; (5) occasional fusions of hyphae 
where spores are soon to be formed; and (6) a complete return to the 
binucleate condition in the spore-bearing tissue, which then produces 
normal binucleate spores. 

What weight should be given to these variations is a question. 
No comparative study has been made of this rust passing normally 
through its complete life cycle. This makes difficult an evaluation 
of the irregularities found here. A comparison of them with the 
unusual nuclear behavior found elsewhere in the rusts may be of 
interest. 

Multinucleate cells in the first hyphae of the uredinial mycelium 
of Puccinia tritidna were observed by Pole-Evans {15) in 1907. 
He observed them at a similar stage in P. phleipratensis, P. glurmrum, 
P, disversa, P. simplex, P. coronifera, and P. sorghL He seems to 
regara them as cases of delayed septation. Ward {34) figures two 
to four nuclei in cells of the young uredo mycelium of P. dispersa, 

Multinucleate cells frequently have been found at other points in 
the ^e cycle. Olive {28, 29, SO) finds that a large proportion of 50 
i^pecies studied showed multinucleate cells at the base of the aecium 
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associated with the process of fusion. Fromme {17) finds them at 
the base of the aecium in Melampsora Uni, 

Lindfors {24) finds that the uninucleate mycelium of the primary 
uredo of Tracliyspora alchemillae, which spreads throughout the host 
plant, may become multinucleate in the cramped quarters of the 
embryonic tissues of the host, but becomes uninucleate again as those 
tissues expand. He believes that this should be considered as essen¬ 
tially uninucleate. In Puccinia glumarum the uredo mycelium is 
multinucleate, but it becomes binucleate in reproductive areas. He 
says {24, p. 28^ 30) : 

Nun geschieht auch die Begrenzung der Kernanzahl auf je zwei in Jeder Zelle 
[of the spore-bearing tissue] teils durch Wandbildung, teils wahrscheinlich auch 
durch Degeneration eines Teils der Kerne. * * * ^jas Myzel, trotz Vor- 

kommens vieler Kerne in einem Zellenleib wahrend der vegetativen Entwicklung, 
dennoch im Prinzip als zweikernig zu betrachten ist, was aus dem Verhalten der 
Kerne bei Bildung und Keimung der Uredosporen hervorgeht. 

In the cases just cited the nuclei are numerous and indefinite in 
number and throwlittle light on the groups of three nuclei found in the 
later vegetative development of Puccinia triticina physiologic form 11. 

Trinucleate cells have been figured by a number of students of 
rust cytology, but are quite uniformly sporadic cases of triple fusion. 
At the point of transition from the uninucleate to the binucleate 
condition (at the base of the aecium in the long-cycle rusts, and in 
the primary uredo or the telium in those of abbreviated cycles), in a 
few cases three nuclei become associated instead of two. Spores 
arising from these trinucleate basal cells also are trinucleate. The 
fate of these spores is unknown. This has been reported by Black¬ 
man in 1904 (4)] Blackman and Fraser, 1906 {5); Olive, 1908 {28)] 
Dittschlag, 1910 {10)] Hoffmann, 1911 {IS)] Fromme, 1912 and 
1914 {16, 17) ] Kunkel, 1914 {22)] and Lindfors, 1924 {24) • These, 
too, are of little aid in explaining the present case, as the uredinio- 
spores giving rise to the mycelium of Puccinia triticina are binucleate. 

It may well be that one should extend Lindfors^ recommendation 
to cover this case and consider it equivalent to the binucleate con¬ 
dition because it begins and ends binucleate. Even so, it remains 
unexplained why the number of nuclei here should be predominantly 
and almost uniformly three through all but the youngest vegetative 
development. 

The production of regularly uninucleate haustoria from trinucleate 
haustorium mother cells is not far out of line with other rusts, but 
thus far the writer has found no exact parallel in the literature. 

Sappin-Trouffy {32), in extensive studies of representative genera 
throughout the Uredineae, found regularly uninucleate haustoria 
produced by mycelium composed of uninucleate cells, and either 
uninucleate or binucleate haustoria (or both) produced by mycelium 
conmosed of binucleate cells. 

Holden and Harper, in 1903 {19), found that the haustoria of 
Coleosporium sonchi-arvensis were regularly binucleate, like the 
mycelium which bore them. 

Ward, in 1903 {34), studying the mycelium of Uredo dispersa, 
drew one to six nuclei in vegetative cells, two or three nuclei in 
haustorium mother cells, and one or two (usually one) in hauetori^ 

Blackman, in 1904 (4) , working on Phragrnidiurn uiolacmm 
paired nuclei in haustoria of binucleate mycelium. Blackman and 
2317—26-2 ^ ‘ ^ 
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Fraser, in 1906 {S), found two nuclei in haustoria in the binucleate 
mycelium near the teliospores of TJromyces ficariae. 

‘Pole-Evans, in 1907 (75), described the uredo mycelium of Puccinia 
pJileipratensis as haying two or more nuclei in the haustorium mother 
cell and two in the haustorium. The multinucleate cells of P. 
glurmrum produce haustoria with as many as five nuclei. In the 
uredinial mycelium of P. dispersa a uninucleate haustorium is figured. 

Dodge, 1918 (77), speaking of the telial mycelium of Oymnosporan- 
yium macropusj said: “The haustoria take a very delicate stain, 
showing the single nucleus in each, or two nuclei when two are 
present.'^ 

Thurston, in 1923 iSS), studying Gymnosporangium lermudianum-, 
found uninucleate haustoria from binucleate mycelium. 

The present writer, in 1923 (S), found one nucleus in the haustoria 
of Puccinia graminis triticL 

This sumraary is not complete, but as far as it goes it would indi¬ 
cate that the haustoria of different rusts have from one to five nuclei; 
that the number is sometimes variable, even on the same mycelium; 
and that the number of nuclei in the haustoria is either the same as 
that of the mycelium bearing them, or somewhat l^s. The situa¬ 
tion in Puccinia triticina physiologic form 11 is in line with this, in 
that the number in the haustoria is reduced but appears to be more 
definite and limited than in the similar cases cited. 

The significance of the joining of the rust sporelings at the stoma 
is not known. Not all of the literature has been covered, but no 
case like it has been noted. The frequency of its occurrence naturally 
depends, for one thing, on the number of appressoria present. An 
abundance of spores was used in the inoculation of this material, 
but some stomata were free, many carried one sporeling, and com¬ 
paratively few carried more. Even when appressorium are grouped 
at a stoma they may remain separate and enter and develop inde¬ 
pendently of each other. Of all the rust sporelings studied in this 
material, about 4 per cent showed fusion. 

Not enough is known of the details of the fusions at the stoma and 
when spore bearing is imminent, to determine whether they have 
sexual significance or are merely anastomoses of a vegetative nature. 
Pairing of nuclei or nuclear fusion has not been proved. 

Even a brief survey of rust cytology suffices to impress one with 
the plasticity of the nuclear history as shown in rusts with altered and 
abbreviated life cycles. Blackman ( 4 ), Dittschlag (70), Fromme 
(70), Lindfors {24), and others thought that even the regular process 
of fusion at the base of the aecium was a substitute for an earlier form 
of reproduction in which the pycniospores functioned as male cells, 
an opinion that is opposed by Christman (7). In rusts without 
an aecium a very similar fusion occurs in the first uredinial genera¬ 
tion (8) and in certain of the micro- and lepto-forms fusion occurs at 
the base of thetelium {24) • Moreover, the fusion is not necessarily 
between the basal cells which give rise directly to spores, as it may 
pccur several cell generations earlier in the vegetative mycelium { 24 ). 
Morphological evidence of the plasticity of the rusts is given by 
Dietel (P),.who traces the derivation of reduced types from the corre¬ 
sponding heteroecious or autoecious forms. The teliosori of the re¬ 
duced species occur in small or large ^oups like the aecia of the 
. wr^ponding heteroecious type and bring about the same defor- 
midion of host tissues. 
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In an Endophyllum, Hoffmann {18) found an aecium of normal 
appearance producing aeciospores which germinated like teliospores 
by producing promycelia the sporidia of which lead directly to more 
aecia. 

Recent work by Kunkel {21, 22, 23) and Dodge {12, 13) on the 
orange rusts of Rubus shows that side by side with the regular 
long-cycle rust (O, I, III) there occurs a short-cycle form in which the 
aeciospores germinate by forming promycelia, thus returning directly 
to the uninucleate condition and diminating the telium. Moreover, 
according to Dodge {IS, p, 4p4), there is some evidence of a ^Hhird 
or intermediate type which is maturing aecidia of two kinds, and 
which ^^may represent a strain of Gymnoconia which is particularly 
unstable and from which a short-cycled rust is now arising and which 
will have distinct morphological characters of its own. 

These instances show the plasticity of the rusts in being able to 
shift the processes of fusion and reduction from one part of the life 
cycle to another, and the persistence of the processes themselves 
under varied conditions and alterations of the life cycle. Isolated 
instances occur where both fusion and reduction appear to be lost, 
as in the Endophyllum whose mycelium and spores are all uninu¬ 
cleate {26) and the uninucleate microform ITromyces RudlecTciae {SO), 
but these are exceptional. 

Nor is such plasticity limited to rusts. In Aspidiumfalcatum, an 
apogamous fern {!), the sporophyte arises by a vegetative outgrowth 
from the pro thallium without a fusion of nuclei. The' ^ haploid sporo¬ 
phyte” so formed is normal in all morphological respects. In the 
spoiangium 16 spore mother cells form, as in other ferns. These 
fuse by paps to form 8, which then undergo reduction divisions, form¬ 
ing a maximum of 32 spores. Here the sexual process is shifted to 
the opposite end of the life cycle. 

It would be interesting to know whether the aberrations in nuclear 
behavior observed in Puccinia triticina physiologic form 11 are to be 
regarded as an expression of the need of, and an ill-defined attempt 
at compensation for, the excised part of the life cycle. Also whether 
ultimately a revised nuclear history is to be expected, such as has 
been achieved in other rusts and by means of which P. triticina 
would be rendered independent of any aecial host. 

Rusts represent the extreme of obligate parasitism. The success 
of the rust varies directly with the vigor of the host. The food of the 
fungus is obtained by means of haustoria which invade the living 
host cells. When the death of host tissues occurs in the infection the 
rust is weakened or even killed, for it can not subsist on decaying 
tissues. Susceptibility thus depends, for one thing, upon the ability 
of parasitized tissue to live and continue functioning more or less 
normally in company with the fungus. 

Infections of Puccinia triticina physiologic form 11 on Little Club 
present an almost perfect picture of susceptibility, and this varies 
httle with the age of the host. The fungus produces the minimum of 
disturbance in the host tissues. Even the first cell attacked surviy^J 
although on other hosts slightly less susceptible the first cell inyai^ 
ably succumbs. The walls of host tissues are not disintegrated,; a^d 
the tissues are not plasmolyzed. The inyaded tissues have some^Thfil 
heightened turgor, and their nuclei are slightly expanded* * 
conditions favorable for the growth of the host, 
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proceeds at such a pace that the plastidshave a normal or slightly peater 
than normal content of starch, in spite of the inroads of the fungus. 

The presence of normal starch content in infections when host 
and rust are growing vigorously and apparently well adjusted to 
each other perhaps was to be expected. The presence of excess 
starch in infections on weakened leaves was a surprise. The leaves 
of this set received more sunshine, but this can hardly explain the 
difference, for uninfected tissues in 1924 and 1925 had similar starch 
content. (Table 2.) A possible explanation is that the fungus 
stimulates the photosynthetic activities of the host. Under good 
conditions, the excess starch is carried away. Under unfavorable 
conditions, some phase of the machinery of translocation breaks 
down and the starch accumulates. This excess starch apparently is 
utilized by the fungus; at least it is absent where the fungus is densest 
in old infections and is to be found then only in the marginal regions 
of the infection. 

Band’s observations on pecan rosette (Sf, p. 25, 26) afford an 
interesting parallel in a widely different type of disease. Healthy 
leaves contained a moderate amount of starch at sundown and were 
starch-free the next morning. Mottled leaves showed profound 
derangements * * * starch assimilation and translocation.” 

He says; ^'Mottled leaves of all sizes collected at night showed the 
green portions gorged with starch * * * swollen as if almost 
bursting with their accumulation of starch * * * Mottled leaves 
collected before sunrise the following morning appeared the same as 
those collected at night.” It would be difficult to say what there is 
common to the two cases, save a possible breakdown in translocation. 

SUMMARY 

Puccinia triticina Erikss. is a heteroecious rust with uredinia and 
telia on wheat, and with aecia on exotic species of Thalictrum. In 
America the rust exists mainly if not exclusively as a continuous series 
of uredinial generations. 

Puccinia triticina physiologic form 11 enters Little Club wheat 
freely. Forty hours after inoculation only 37 out of 204 fungi 
(about 18 per cent) still remained outside. Two appressoria at the 
same stoma may become united into one, and, when the two enter 
separately, the substomatal vesicles may fuse. About 4 per cent of 
the fungi studied showed this fusion. 

In general, uredinial generations of rusts are made up of binucleate 
cells and are considered sporophytic. In Puccinia triticina physiologic 
form 11 the urediniospore has 2 nuclei, the appressorium usually 
4, the substomatal vesicle commonly 8, the first hypha, after forming 
a haustorium, has 6 nuclei, one or two succeeding hyphae 4 or 5, and 
in all the later vegetative cells the number 3 predominates. Hausto¬ 
rium mother cells have 3 nuclei and haustoria have 1. 

At the onset of reproduction the subepidermal mycelium concerned 
with spore production becomes binucleate. Spores, stalk cells, and * 
the cells immediately below them regularly contain two nuclei. 

Two cases of the fusion of hyphae were noted in the region where 
spore formation is imminent. 

It is suggested that the irregularities in the nuclear history may 
have some connection with the prolonged growth of the rust in the 
of the aecial host. 
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Little Club wheat is fully susceptible to Puccinia triticina phys¬ 
iologic form 11. On Little Club wheat the fungus attains its maxi¬ 
mum development, the haustoria expand fully, and spores are pro¬ 
duced in abundance. The host tissues live, their cell walls (except 
in the guard cells at the stoma of entry) are not damaged, and the 
cell contents show a minimum of disturbance or impoverishment. 
The cells in the infection are more turgid, and their nuclei expand 
somewhat and move over to the haustoria. At the period of greatest 
activity of the fungus the plastids show little reduction in size. 
Under unfavorable conditions they may be temporarily gorged with 
starch. Not until extreme old age of the infections, do more than 1 
or 2 per cent of the host cells die. In the more massive fungous 
growth on older host plants a few subepidermal mesophyll cells are 
crushed by the fungus. On the whole, the picture is one of excellent 
congeniality. 
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EFFECT OF TEMPERATURE AND MOISTURE ON 
NEMATODE ROOT KNOT ’ 

By George H. Got>FREY, 

Formerly Pathologist, Office of Vegetable and Forage Diseases, Bureau of Plant 
Industry, United States Department of Agriculture^ 

INTRODUCTION 

Root knot, one of the most destructive of plant diseases, seems-to 
be limited in its distribution largely by climatic conditions. Com¬ 
paratively little work has been done on the fundamental problems 
related to the influence of temperature and moisture on the disease 
and its causal organism. This paper deals with experimental work 
on some of these problems; and the writer believes that some of the 
results of this work may be of practical economic importance to 
commercial greenhouse men and truck growers in the curtailment of 
losses due to root knot in celery, lettuce, and other low-temperature- 
loving plants. 

THE DISEASE 

Root knot attacks a wide range of host plants representing several 
hundred distinct species. These include practically all the common 
vegetables, many fleld crops, and even some fruit trees. The prin¬ 
cipal symptoms are enlargements or galls on the roots, varying in 
size from a pinhead in mud cases to a walnut where infestation is 
severe and complicated by the development of new generations of 
the parasite within the host near original points of infection. The 
causal organism is the nematode or eelworm Eeterodera radicicola 
(Greef) Muller, a minute worm-shaped animal scarcely a millimeter 
in length at maturity. The galls formed as the result of stimulation 
of the host by the presence of the organism or some product excreted 
by it interfere greatly with the normal functioning of the roots; and 
the nematodes, which are ordinarily present in enormous numbers, 
feed entirely upon the host plant juices. These two effects together 
may seriously influence the metabolism of the host plant. In severe 
oases the plant is very much dwarfed or even entirely killed. 

RELATION OF CLIMATE TO DISTRIBUTION OF ROOT KNOT 

The nematodes are readily carried in soil clinging to bulbs or roots 
of plants, as well as within such plant tissues. They have been 
distributed widely throughout the country, north as well as south. 
Except in ^eenhouses, however, the disease is limited in its serious 
agricultural importance in the United States to the Southern and to 
some extent^ to the border States. It is at its worst in the extreme 
South. It is recognized as a factor in agriculture, however, in 
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Virginia, and reports are more and more frequent of its occurrence 
in Maryland, Delaware, and New Jersey. Southern Ohio, Indiana, 
and Illinois are finding it extensively in truck gardens and nurseries. 
Most of the Mississippi Valley States from Iowa northward do not 
have root knot to combat. Only occasionally is it to be found in 
small areas which are unusually favorable. In the northern tier 
of States in this section it is unknown outside the greenhouses. West 
of the Eocky Mountains, in Idaho, Oregon, and Washington, the 
disease is occasionally found. 

The limiting factor on distribution seems therefore to be prin¬ 
cipally that of climate. Temperature may have its effect in two 
ways: (1) In its limitations on the actual life of the organism causing 
the" disease, and (2) in its effect on the number of generations that 
may be produced even if the organism can remain alive throughout 
the year. 

The earliest American literature on the subject recognized, in a 
general way, the limitations placed by severe winters on the dis¬ 
tribution of root knot. Neal {6) stated that ^Hhe question of tem¬ 
perature is no doubt one of great importance in determining the 
boundaries of this disease, perhaps more so than food plants or soils. 
He stated that soil that is annually frozen from 6 to 10 inches is 
rendered practically free of the worms, except where they occur on per¬ 
ennial roots. Below 50° F. the worms were inactive, '^paralyzed 
by cold. He cited the occurrence of the disease only in the South 
Atlantic and Gulf Coast States. Atkinson {!) referred to accounts of 
the disease in Germany, Java, Brazil, and in Scotland. He em¬ 
phasized this latter occurrence as evidence against Neal’s limitation 
of 50° F. winter temperature, and prophesied that if the pest once 
became established it would probably thrive as far north as the 
January isotherm of 35° F., which crosses Virginia and Tennessee. 
Marcinowski (5) included in the list of countries where the disease 
occurred (besides the central and southern European countries) 
Brazil, Chile, South Africa, Egypt, Madagascar, Sumatra, and Java, 
mostly countries with warm climates. Stone and Smith (7) con¬ 
sidered freezing fatal to the root-knot nematode. Bessey (^), on the 
other hand, found root knot in northern Indiana, Michigan, and 
Nebraska, and considered that the nematode was able to maintam 
itself in regions where the winter’s cold was very intense. 

Aside from the question of freezing out in the winter, however, in 
the Southern States the long warm summers combined with favorable 
soil and moisture conditions bring about the development of several 
generations in a single growing season, thus ^eatly increasing the 
nematode population of the soil. Farther north, the shorter summer 
season shortens the period during which the nematodes can be active 
and therefore limits their increase. 

Moisture has its effect principally in that it limits the growth of 
suitable host plants. Eoot knot occurs on many weeds in unculti¬ 
vated lands in Georgia, Florida, and South Carolina, where there is 
continuous summer rainfall. In the Southwest, on the other hand, 
it is never found except in irrigated fields, the limiting factor being 
moisture and host availability, and not temperature. 

Neal {6) stated that an excess of moisture was conducive to the 
disease, and that drainage was a remedy under such conditions, 
also stated that moisture was essentim to the vigorous growth 
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of the nematodej although it withstood an enormous amount of 
drying. Stone and Smith (7) agreed in general as to the need of 
moisturCj and even said that nematodes do not seem to suffer from 
an excess of it, but stated that neither the nematodes nor their eggs 
can stand desiccation. In their experiments, soil in jars was allowed 
to dry out for a year, and at the end of that time the nematodes were 
not alive. Bessey {2)^^ Frank (5, vL ///), and others conducted 
experiments which in^cated that the larvae of the nematode'were 
readily killed by drying. Excess of moisture, according to Bessey, 
does not seem to inhibit the organisins, unless the land is completely 
flooded and the organisms are loose in the soil and not protected by 
the roots of perennial plants. The flooding must be for at least 25 
days to be efficacious in destroying the nematodes. 

Considerable observational information is given in the papers cited, 
some of it more or less contradictory. Very little actual experi¬ 
mental work has been described, and practically no clear-cut con¬ 
clusions reached. The subject of the influence of specific moisture 
conditions and temperatures on the development of the disease is 
left practically imtouched. The present paper gives the results of 
definite experimental work which has cleared up conclusively some 
of the doubtful q^uestions with regard to the relation of moisture and 
temperature to the development of root knot. 

EFFECTS OF SOIL HOISTUEE AND SOIL TEMPERATURE ON 
DEVELOPMENT OF ROOT KNOT 

EXPERIMENTAL METHODS 

Specific experiments for the purpose of determining the effects of 
soil moisture and soil temperature on the development of root knot 
were conducted at Madison, Wis,, and Washington, D. C., in 1921, 
1922, and 1923. 

The Soil 

Throughout the history of observations on root knot under field 
conditions, it has been known that the disease is usually at its worst 
in sandy soils. Consequently, sandy soil was determined upon at 
the outset for this experimental work. Usually virgin soil, composed 
largely of peat to which some manure was added or rich compost 
ordmarily used in the ^eenhouse, was made the basis, and to this 
about half the same volume of sand was added. This gave a rich 
sandy soil very favoraM« to the development of the root-knot nema¬ 
tode. Inoculation of the soil was accomplished by adding quantities 
of knotted roots of plants, found upon close examination to contain 
an abundance of eggs and larvae of Heterodera radicicoJa. Figure 
1 shows the lower part of a French cocklebur plant ( TJrena lohata L., 
a weed common in Florida, highly susceptible to root knotb which 
was used for a large number of the inoculations. 

Moisture Content 

Standards for the determination and maintenance of soil moisture 
content were determined (1) by sampling in triplicate the thoroughly 
mixed soil and by oven-drying at 100° to 105° C., determining the 
dry weight, and (2) at the same time the percentage of moisture on 
the dry-weight b^is necessary for complete saturation was deter¬ 
mined, also in triplicate, and the average determined. The desired 



226 Journal of Agricultural Research voi. 33 , No. 3 



Fir. l.—Eoot of French cocklebnr (Urem hhata L.), badly infested with root knot. Material such as 
thfe was used as source of inoculum for much of the soil-moisture and soil-temperature work. 
The di^or^ knots contain myriads of eggs and larvae of the root-knot nematode 
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moisture in percentage of saturation moisture was then eashy de¬ 
termined. For the early part of the soil-temperature work, a medium 
amount of moisture, usu^ly 50 or 60 per cent, was maintained, this 
having been known from general observations to be favorable both 
to plant growth and development of the nematodes. 

Temperature Control 

Soil-temperature control was accomplished by the use of the 

Wisconsin soil-temperature tanks,’’ a nistory of the development 
of which has recently been written by Jones (4). A new set of six 
tanks was built in the fall,, of 1921 for this purpose. The latest 
improvements were incorporated in them. During the course of 
the experiments, records were taken of the temperatures twice a day, 
morning and evening, and any irregularities were corrected at those 
times. 

The readings were taken at a depth of about 5 inches in the water 
tanks. Variations of from 1 to 134 degrees were noted in different 
parts of a tank, which contributed, of course, to the inaccuracies of 
recorded temperatures. No device was used in any of these experi¬ 
ments to circulate the water in the tanks. 

In general, temperatures within 1° C. in either duection were main¬ 
tained regularly. Any great discrepancy was due to either the failure 
of the set of batteries which controlled the relays, thus allowing the 
temperatures to rise above the desired point, or to the bm‘ning out of 
a fxise controlling the heaters, which permitted the temperatm*es to 
fall. When anything of the kind happened, the correction was 
usually made within a few hours of the break, so that for practically 
the entire length of the experiments the temperatiues averaged 
vrithin the desired range for each tank. 

Duration op Experiments 

Experiments were continued as a rule for a 30-day period. Under 
the most favorable conditions this permitted the development of 
only one entire life cycle, from egg or larva in the soil to infection and 
growth to the adult stage within the host plant. Consequently one 
condition was completely comparable with another in the matter* of 
primary infections. No secondary infections, from the young of 
matured individuals developing under the most favorable conditions, 
entered into the results, except in those experiments in which the 
duration of exposure was definitely longer than 30 days. 

Manner op Recording Results 

The results of a series of differences in one controlled environmental 
factor were to a certain extent evident in the tops of the plants. 
Figures 2 and 3 show these differences strikingly in the case of mois¬ 
ture control, the one in effect on the growth of the plants, and the 
other in relative growth under specific conditions as compared with 
the controls under the same conditions. Figure 4 shows the differ¬ 
ences where the conation controlled is the temperature. 

However, since considerable irregularities exist between different 
individuals under the same conditions, this is obviously not a 
sufficiently reliable basis for drawing conclusions on the effect of 
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enviromnental factors on root knot. The most accurate way would 
be to determine the actual number of larvae that penetrated the roots 
under each condition. While this was perhaps possible, it was im¬ 
practicable. The numbers under some conditions were so large and 
the fifficulty of getting the organisms out too great to permit of it 
being done. It was decided, therefore, to make comparisons on the 
basis of number of galls per pot. Under some conditions infections 
were comparatively few, and individual galls could be counted very 
readily. This count was accomplished, as a rule, by placing the 
entire roots, which had been carefully removed from the soil at the 
close of an experiment and washed Iree from adhering dirt, intb a 
large glass dish of water, over a black-surfaced table. Then with a 
pair of tweezers, observations could be made on each root separately, 
and counts made with an automatic counter. Under somewhat 
more severe conditions, galls were so numerous as to produce a 
beaded effect on many of the roots. Here again counts could be 
made very readity. tinder still more severe conditions, however, 

f alls coalesced, and individual counts could not readily be made, 
t would certainly not be legitimate to count a very small gall as 
the equal in value of a very large one, one possibly 20 times the size 
and containing many nematodes. It was arbitrarily decided in such 
cases to count each millimeter of the elongated swelling as one gall. 
As a rule, this appeared to give results roughly comparable with 
those of other conditions. In several cases even this means did not 
give results that reliably indicated the a-ctual effect of root knot 
on the host plant. Some plants that were obviously severely injured 
gave a smaller total of knots than some that were less severely in¬ 
jured. In some cases, therefore, the results are given also in number 
of galls per unit of length of root. The total linear measurement of 
roots was taken, only the larger ones being measured. Very fine 
roots less than 2 centimeters in length were ignored. This method 
seemed to indicate accurately and reliably the relative injury done 
under the different conditions. 

EFFECTS OF DIFFERENCES IN SOIL MOISTURE ON DEVELOPMENT 

OF ROOT KNOT 

Aside from effects of flooding and of drying on the life of the root- 
knot nematode, only general observations have heretofore been 
made on the effect oi degree of wetness of the soil on the develop¬ 
ment of root knot. These observations have indicated a relatively 
wide range within which the nematode is active in attacking the 
host plant. It was deemed desirable to make tests to determine 
definitely the range of activity of the organism in this respect. 

EXPEKIMENT 1 

A preliminary experiment was conducted at Madison, Wis,, in 
March, 1922, using tomatoes and soy beans. The usual sandy loam 


EXPLANATORY LEGEND FOR FIGURE 2 

.4.—The control series/grown in sterile soil, moisture contents from left to right being 28 (app-oximate), 
30, 40, 50, 60, 70, 80, 90, ami 100 per cent of saturation. Very little growth oeemred during the period 
the experiment (one month) in the first two. Good vigorous growth occurred in the rest of the series, 
not much difference in growth being evident in the tops of the plants. 

R.—The inoculation series arranged in the same order as the control series, and with eotactly the ^ame 
reduction. Note tlte greatly decreased vigor of the plants in tl)e middle of the series. 
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Fig. 3^-T<«n«tG plants grown for a period of two months under controlled soU-moisture conditions 

two inoculated and one control. 

-Wed idants-and the control. The%®ts ^ so^&r^^'S 
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Pig. 4.—The effect of temperature on the growth of various plants 


^•—Tortmt]^ grown in experiment 3, the temperatures, from right to left, being 15®, 20®, 25®, 30®, 
SS y SZtd 40 Oh 

—^Lettuce from the same series,'showing strihlngjy the reversal in effect of temperature hrom iliat 
shown in A. Soil fungi were partly responsible for this, however. 

a—Tobacco grown in a cool house, at soil temperatures of 10®, 13®, 16®, 19®, 22®, and 25® CVrespecri vely. 
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(greeahouse compost plus sami) was used, lightly inoculated with 
iiematode-iafested dasheeii material from Florida. The moistures 
maintained were 40, 50, 60, 70, and 80 per cent of the moisture¬ 
holding capacity of the soil. The lowest contained sufficient moisture 
to maintain plant growth to good advantage, and the highest was 
only slightly too wet. Water lost by transpiration and evaporation 
was replaced twice daily, morning and evening. One series was 
inoculated soil, and another series control. 

The results were irregular and indicated the necessity of repeating 
th^^experiment under better conditions, particularly with a longer 
series of moistures, and with a larger number of inoculated plants 
under each condition. The results of experiment 1 are not recorded 
here. 

EXPERIMENT 2 

An experiment incorporating these desiderata was started at 
Washington, D. C., about November 1, 1922. Glazed crockery jars 
of about 2 gallons capacity were used. A sandy loam consisting of 
about two parts of compost and one part of s^nd was sterilized in 
the autoclave, then set out to aerate for several days in a large box. 
After a thorough mixing, samples were taken in triplicate for deter¬ 
mining moisture content and moisture-holding capacity. Then 
nine jars were filled with even weights of soil, these to be the controls. 
Nematode material was added to the remainder of the soil, in the 
form of shredded and broken up badly diseased roots of French 
cocklebur (fig. 1) from Brooksville, Fla. The material contained 
an abundance of living nematodes, mostly in the larval stage. 
Twenty-seven jars were filled with thus material to the same weights 
as the controls. This allowed for three inoculations and one control 
for each of the following percentages of moisture-holding capacity: 
10, 20, 30, 40, 50, 60, 70, 80, and 90. 

Vigorous yoimg tomato plants were set out at once. They were 
permitted to stand under equal conditions for two days, while the 
moisture content was being determined. The content time of 
planting was approximately 40 per cent of water-holdii^^apacity. 
At the end of the two days the higher moistures were made up by 
adding the requisite amounts of water. It was 14 days, however, 
before sufficient moisture was lost from the lower pots to reach the 
30 per cent mark, and the 20 and 10 per cent points were never 
attained. On the 15th day from the start, the 10 per cent jars were 
made over to 100 per cent, or complete saturation. The moisture 
content of the 20 per cent jars at this time was somewhat lower 
than that in the 30 per cent jars, and the 20 per cent jars were main¬ 
tained throughout the experiment without the addition of any water. 

Several extra jars were planted at the time the experiment was 
started and maintained at 40 and 60 per cent of saturation. These 
were utilized for the determination of accrued weights brought about 
by plant growth from week to week, these weights being added to 
the various jars to make up for the substance of the plants them- ^ 
selves. The accrued weights were estimated for pots other than 
those containing the 40 and 60 per cent moistures. The total 
accrued weight by the third week did not exceed 20 grams, so esti¬ 
mates were well within the allowable divergences. (The aim was 
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to keep weiglits within the range of 5 per cent below the percentages 
fixed upon. Thus, when the 60 per cent jars first lost enough mois¬ 
ture (76 grams) during the course of 24 hours to make it 55 per cent 
at its lowest point, water was added to bring it up to the desired 
weight twice daily thereafter; and similarly with the rest of the jars.) 
The jars were arranged on the greenhouse bench four deep from 
front to back, and were rotated in their relative positions with 
reference to light by shifting the front rows to the back and bringing 
the rest forw^ard once each day. Thus all had approximately equm. 
environmental conditions aside from moisture. Greenhouse 
peratures ranging from 15° C. at night to 20° C. in the daytime 
were maiatained. 

On December 7, just 30 days after beginning it, the experiment 
was brought to a close. The effect of differences in moisture content 
was strilang, especially in the control series. Very little growth 
occurred at 30 per cent of moisture capacity or below. From these 
points growth gradually increased with each rise, even up to 90 per 
cent, except for some variations due to individual differences at the 
intermediate points. Height is not a good criterion of ^'best growth,” 
since at the highest moistures the growth is weak and succulent, and 
contains less ash than at the medium conditions. This fact is con¬ 
sidered in drawdng conclusions. Figure 2 shows the control series 
raiding from 25 or 26 per cent moisture to 100 per cent saturation. 
Differences between inoculated and controls at the same moisture 
content were also striking, especially in the middle of the series. 
This is seen by comparing Figure ^ A (the control series) with 
Figure 2, B (the inoculation series). Growth was very much reduced 
at from 50 to 80 per cent in the inoculated jars, while it was at its 
best in the controls. These differences are seen still more strikingly 
by comparing all three of the inoculated plants with the controls, as 
in Figure 3, A and B, showing 40 and 60 per cent jars, respectively. 

As stated under Methods,” a comparison of the root systems en¬ 
tered into the ultimate results. Marked differences in type of root 

g rowth were noted. At the lower moistures roots were irregular, 
ent, gnarled, and in intimate contact with the soil particles, from 
which several washings would not free them. ‘ Root-hair develop¬ 
ment was prominent. At the higher moistures roots were smooth, 
straight, and clean, and root hairs were not evident (fig, 5, A). 
Differences in extent of root growth, as influenced by amoimt of soil 
moisture, were also prominent. In dry soil the roots extended to 
the bottom of the cans and became matted there, while in the moist 
soil they extended scarcely to the bottom. Fairly exact comparisons 
were made by measuring the total lengths of all the separate roots, 
except the very fine feemng thread roots and the short branches that 
were just developing. These measurements are recorded in Table 1. 
Typical roots from inoculated plants, as compared with controls, are 
shown in Figure 5, A, B;"and C. Root-knot results are given in 
liable 1 in total nuipber of galls per plant, and average number per 
plainer each condition. In addition, average numbers of galls per 
d^3iKter of length of root are tabulated. The graphs in l%ure 6 
brmg out the same results more sharply. The table also shows the 
heights of plants in the entire series, in centimeters. 

^ 17—26 - 3 ( 
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i-to roots after two months in soil, at 60 per cent of the moi5tuxe*holding capacity 
€i control plant, dean and healthy. 

^—^Boot of one of the inoculated plants, sho'^^g a large proportion of the root MUed, owing to 
? ef Ipot knot. 

f the other inoculated plant, showing severe infestation, but the greater part is still 
nson of B and C shows why a count of the number of knots on the roots is not an 
1 of the severity of infection. 
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Table 1. —Effect of soil moisture on root-knot development in tomatoes 



Control 


Series A 



Series B 


Moisture (per cent 
of saturation) 

Height 

of 

plants 

.Len^h 

roots 

Height 

of 

plants 

Length 

roots 

Num¬ 
ber of 
knots 

Num¬ 
ber of 
knots 
per dm. 

Height 

of 

plants 

Length 

of 

roots 

Num¬ 
ber of 
knots 

Num 
ber of 
knots 
per dm. 

28 to 30 1. 

Cm. 

27 

Cm. 

1,084 

Cm. 

22 

Cm. 

405 

195 

4,81 

Cm. 

30 

Cm. 

1,043 

818 

7.84 

30 to 352 .. 

30 

1,098 

20 

309 

787 

25.46 

30 

565 

416 

7.36 

40. 

41 

32 

706 

1,257 

17.80 

27 

520 

959 

183/4 

50. 

50 

805 

28 

343 

705 

20.55 

35 

840 

1,463 

60. 

51 


35 

889 

1,786 

20.08 

35 

1,040 

1,859 

17.88 

70. 

45 

809 

32 

598 

1,864 

31.17 

32 

478 

823 

17.22 

80. 

37 

628 

36 

781 

2,136 

27.34 

33 

227 

152 

6.70 

90. 

37 

492 

45 

1,046 

1,366 

13.05 

44 

666 

1,181 

346 

17.73 

100 3. 

34 

368 

30 

361 

641 

17.75 

33 

375 

9.23 


Series C Averages of series A, B, and C 


Moisture (per cent of) 
saturation) 

Height 

of 

plants 

' Length 
of 

roots 

Num¬ 
ber of 
knots 

Num¬ 
ber of 
knots 
per dm. 

' Height 
of 

plants 

Length 
of roots 

Number 
of knots 

Average 
number of 
knots per 
dm. 

28 to 301. 

Cm. 

28 

Cm. 

611 

1,068 

643 

17.48 

Cm. 

27 1 

Cm. 

686d=102 

694d=124 

10.04d=2.10 

30to35*-w... 

31 

643 

11.84 

27 ! 

472±45 

615=1:61 

14.89±3.00 


33 

750 

1,617 

21.56 

31 

659db3g 

l,278d=28 

19.27± . 64 

50. 

41 

883 

1,614 

18.28 

35 

689d=95 

1,261=1:134 

18.75=1= . 51 

60. 

39 

663 

1,661 

593 

25.05 

36 

864=h60 

l,769=t27 

21.00d=l. 23 

70. 

37 

410 

14.46 

34 

495=1=30 

l,093d=186 

20.95=b2.85 


35 

551 

1,124 i 

20.40 

35 

520=1=88 

l,137db273 

18.16±3.34 

90. 

50 

868 

1,394 

16.06 

46 

860:fc:60 

1,314:1=31 

15.61d= . 84 

100 3. 

40 

398 

243 

6.11 

84 

378:1=6 

410=1=57 

ll.03±l. 92 


I This did not get down to 30 until the experiment was half completed. No water was added during 
the experiment. 

* Not down to 30 until experiment was half completed. 

3 Changed from approximately 30 per cent half way through the experiment. No doubt much of the 
infection occurred before the change was made. 


Table 1 shows, in the con¬ 
trols, a definite decrease in 
length of roots, as amount of 
moisture is increased. This 
regularity does not hold with 
Vthe inoculated plants, where 
^^^other factor, root knot, 
^lers in. Figure 2, and the 
data for top growth in Table 
1, show that saturation be¬ 
low 40 per cent and above 
70 per cent are not favorable 
to the best growth of the 

E lants. Within the range of 
est growth, and even above 
it up to 90 per cent, the root 
Imot is at its worst. This is 
"^shown by both curves in 
Figure 6. At 70 and 80 per 
cent the average number of 
knots dropped off, but the 
number per unit of length 
of roots is highest of all, 
showing apparently greater 



Fio. 6.—Effect of moisture on devolopmeti# of root knot 
m tomatoes. (Tlio unbroken line ropre^ts number of 
knotty, the dotted line, number of knots plr doclmotor of 
root.) W 

























236 


Journal of Agricultural Research 


Vol. 33, No. 3 


injun^ by the root knot there than at the other moistures. The 
number of mdividuals under each condition, in this experiment, 
was so small and the probable errors so large that not much signifi¬ 
cance can be attached to the differences shown between adjacent 
moisture contents. The general conclusion that within the range of 
best growth of the host plant the nematode is most active is obvious. 
This will probably hold true for most of the ordinary susceptible 
plants that are grown under root-knot conditions. The soil moisture, 
under growing conditions, fluctuates considerably, of course, but it is 
u^oubtedly between 40 and 70 per cent of saturation the greater part 
oiSfee time. 

EFFECTS OF SOIL TEMPERATURE ON ROOT-KNOT DEVELOPMENT 

Preliminary experiments on effects of soil temperature on root 
knot were conducted in the greenhouses of the department of plant 
pathology, University of Wisconsin, Madison, Wis., in the fall of 
1921. These were followed by more conclusive experiments at Mad¬ 
ison and also at Washington, D. C., during the early spring of 1922 
and in the winter of 1922-23. 

EXPERIMENT 3 

The basis of the soil used in this experiment was greenhouse bench 
soil which had borne a crop of badly root-knotted cucumber #|p^g 
the summer. To this was added about half its volume of sand to 
improve its texture and make it more favorable for nematodes. 
Additional inoculum was added in the form of root-knot-infested cow- 
pea roots and dasheens from Florida. Control soil was made up 
from similar bench soil that had not borne root-knot affected crops. 
Moisture was maintained according to the usual procedure at 50 per 
cent of the moisture-holding capacity of the soil, which degree of 
moisture was chosen because of its obvious suitability for growth of 
the plants. The plants used were lettuce and tomatoes, three in-r 
oculation cans and one control of each per tank. Three healthy 
plants, from 2-mch pots, were set out in each can. Temperatures 
maintained were 15°, 20°, 25°, 30°, 35°, and 40° 0. The daily 
records show no very great fluctuations from the desired teirmeratures - 
during the period of the experiment, November 18 to December 
18,1922. On December4 the tanks dropped from 2° to 5° (the higher 
temperatures dropping^ the most), and three days before the close of 
the experiment the highest tank went up 3°. Aside from these 
fluctuations, which lasted at most only four or five hours, variations 
from the desired temperatures were only 1^° or 2° and were cor¬ 
rected twice daily. 

This experiment^ with 5° intervals, was conducted in part for the 
purpose of determining cardinal temperatures for the growth of the 
plants.^ Results in vigor of growth in the case of the tomatoes are 
shown in Figure 4, A. Poorest growth resulted at the lower temper- 
oro^n* A P gi'owth increased with the higher temperatures, up to / 
^ plant remained alive and even grew slightly, but 

very little root growth was made. In the matter of root growth, 
result® were somewhat contrary to what might have been expected 
irom the appearance of the tops. Roots were vigorous at the lowest 
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temperature (15°), occasional strands extending to the bottoms of 
the 9-inch-depth cans. At 20° root growth was somewhat more 
extensive, while at 25° 
and 30° it was rery vig¬ 
orous, with heavy roots 
matted in the bottoms 
of the cans. At 35°, how¬ 
ever, root growth was 
much reduced, even 
though top growth was 
greatest at this temper¬ 
ature. At 40° there was 
practically no root 
growth outside the ball 
of the soil in which the 
plant was introduced into 
the cans. 

Root growth in inocu¬ 
lation cans was approxi¬ 
mately the same as in 
the controls. 

Results in root-knot 
development were re¬ 
corded in number of 
knots per can. The fig¬ 
ures, including the aver¬ 
ages, are given in Table 

2, The average results are also shown in Figure 7. 
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Fig. 7.—Effect of temperature on development of root knot in 
tomatoes and lettuce 


Table 2.—Effect of soil temperature on development of root knot in tomatoes 

and lettuce 


Tank No. 

Temper¬ 
ature, de¬ 
grees C. 

Tomatoes 

Lettuce 

Number of knots 

Number of knots 

Plants in 
first can 

Plants in 
second 
can 

1 

i Average 

i 

Plants in 
first can 

1 Plants in 
j second 
i can 

Average 

1. 

15 

20 

54 

37dc 8 

0 

4 

2=b .95 

1^'. 2. 

20 

617 

431 

524±44 

25 

33 

29db 1.9 

3. 

25 

343 

607 

475±63 

105 

41 

73±15.3 

4. 

30 

548 

673 

660± 3 


59 

1 

59 

' 5. 

35 

471 

460 

466± 3 

152 1 

152 

6... 

40 

10 

21 

16± 2 











It is evident that at 15° C. the amount of root knot is negligible- It 
is very abundant at 20°, indicating a rather sharp point below 
which infectio does not take place. From 20° up infection is 
abundant up to the upper limit of heat endurance by the host plant. 

^ The few knots that are recorded for 40° were near the surface, 
where the temperature was probably somewhat lower than in the 
interior of the cans. 

In lettuce the effects of temperature on growth of the plants, 
as shown by the controls, was almost the reverse of what it was 
with tomatfoes. By far the best growth resulted at ^he lowest 
temperature, and as temperatures increased growth aiM vigor of 
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the plants decreased. Another factor besides temperature entered 
into the case of lettuce. As already stated, the soil was not sterilized. 
As a result of the presence of the lettuce drop fungus, Sclerotinia 
libertianaj one of the root-knot-inoculated plants each at 30^ and 35^^ 
C., and one at 30° in a control, were killed, and several others weak¬ 
ened. Figure 4, B, shows a series of lettuce plants in control cans, 
illustrating the striking decrease in vigor as the temperatures increase. 
The vigor of the roots correspond with that of the tops. At 15° 0. 
roots were long and vigorous and became matted in the bottoms of 
tjie cans. At 20° they were only slightly less, but at 25° they were 
mufih reduced in length and fewer in number. At 30° they reached 
only about halfway to the bottom, and at 35° were only a few inches 
in total length. At 40° the plants did not survive. 

Results in amount of root knot were possibly vitiated to a certain 
extent by the presence of the other organisms in the soil. They 
showed a striking increase with the temperature, however. Table 2 
and the lettuce curve in Figure 7 show the marked effect of tempera¬ 
ture on root-knot development with this crop. The same reserva¬ 
tions on significance of results apply here as in experiment 2, because 
of the small number of individuals. 

These results indicate that temperature is a limiting factor in 
root-knot development. They also indicate that in spite of the 
great differences in reaction of the hosts (tomato and lettuce) to 
temperature, the former being high-temperature-loving and the 
latter low, the results in root-knot infection were about the same. 
The need was evident for further experiments with a closer series of 
temperatures, and several different hosts. 


EXPERIMENTS 4 AND 5 


Using the same soil as before, increased in quantity by the addition 
of further compost and sand in the same proportions, and reinoculated 
with nematode material from Florida, a new series was started, as 
follows: Experiment 4 was conducted in a cool house, with six tanks, 
in which temperatures of 10°, 13°, 16°, 19°, 22°, and 25° C. were main¬ 
tained. At the same time experiment 5 was started, in a warmer 
house, in seven tanks running 22°, 25°, 28°, 31°, 34°, 36°, and 38°. The 
plants used in the entire series were cucumbers and tobacco. Two 
cucumber plants were put into each of two cans in each tank, and 
two plants of White Burley tobacco into each of two more cans. 
The same series of temperatures was used for stem-nematode studies, 
so only the four cans were used for the root-knot organism. Since 
temperature and light conditions were markedly different in the two 
houses, the two experiments are considered as separate and distinct. 
No great fluctuations from the desired temperature or moisture 
occurred. The cucumbers did not grow well, possibly because of the 
season and shortage of light. In tank No. 1, at 10°, the first 
planting, and later a second one, succumbed completely to the un¬ 
favorable environment. Growth was increasingly better from 13° up 
to 26°. Root growth was fair, about 3 inches in depth, at 13°, and 
root knot was entirely absent. At 16° roots were somewhat better, 
and a small amount of root knot developed. At 19° root Imot was 
abundant (figs. 8 and 9) on roots that extended in a few strands to 
the bottoms of the cans. At 22° roots and knots both were somewhat 
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Fig. 8.—Boots of tobaeoo plants grown in root-knot-inoculated soil under controlled soil temper¬ 
ature conditions 


A. —Boot taken from a can held at 19° C., showing large galls, 

B. —Boot from the 25® C. tank, showing much more numerous, but smaller, gaBs, apparently 

burst out at the sides, , 

1 
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Fio. Effect of temperature on type of root knots on tobacco: Left, Grown at 19® C.; Bight, 

Grown at 25® C- B. and C.—Effect of temperature on development of root knot in vetch (Vkia 
B.—Plants grown at 12® C. Note the good nodule development, as well as the freedom 
from root knot. G.—Plants grown at 27® C. Note the poor root growth, abundant root knot, 
and total absence of beneficial nodules 
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reduced; but tbe amount of infection would appear to be an individual 
difference rather than a temperature reaction, for at the next higher 
temperature, 25°, the number of knots was double that of any 
lower temperature, and the roots were much reduced, due largely 
to the root knot. Table 3 shows the figures for amount of root knot, 
and Figure 10 shows the same results graphically. 

The tobacco made much better growth than the cucumbers, and 
its reactions were such as to justify attributing them directly to 
temperatures. Figure 
4, 0, shows tobacco /eoox 
plants grown in tanks 
1 to 6, and depicts 
clearly the relative 
growth at the different 
temperatures, there 
being a uniform in¬ 
crease from the low 
to high. Koot-knot 
results were very strik¬ 
ing, and, as shown in 
Table 3, bring out 
more sharply than 
does experiment 3 the 
critical temperature 
for development of 
the knots. 

These experiments 
show that tnere is a 
critical temperature 
below which root knot 
does not develop. 

The differences in the 
tobacco plants be¬ 
tween the averages at 
16° and 19° C. are 
striking, and indicate 
that 16° or a trifle 
below that tempera¬ 
ture is the dividing 
line between negligible 
infection and abundant and injurious infection. The infections at 
10° and 13° may have taken place in the three-day interval before 
the cans were placed in the taiiks, when they were all standing under 
equal conditions to get an even start; or, again, they may have 
taken place in the surface region of the soil; for, as has been said, 
in warm weather the surface layer sometimes warmed up a trifle 
in the lower tanks. It would appear to be justifiable to conclude, 
however, that the small amount of root-knot development at the 
lower temperatures was due to either the inactivity of the nematode 
at these temperatures,' or to a host reaction that was common to 
l^th high and low temperature loving plants. Of the two explana¬ 
tions, the former seems the more plausible. At the other extreme, 
severity of root-knot infestation appears to be limited o t y by the 



zs^ zar 

Fig, 10,—Effect of temperature on root-knot development in cueum” 
ber and tobacco 
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limited plant growth. There was a distinct dropping off in infec¬ 
tion, howeverj in both cucumber and tobacco between 31° and 34° 
C. Above about 36° very little infection took place in the tobacco, 
though it was still abundant in cucumbers. 

Table 3 .—Effects of soil temperature on root knot in cucumber and tobacco 

COOL HOUSE 




Temper¬ 

atures, 

degrees 

C. 

Cucum¬ 

ber 

Tobacco 

, (number of knots) 


Tank No. 

(number 

of 

knots) 

Plants in 
first 

1 series 

Plants in 
second i 
series 

Average 

1. 

10 

0 

0 

8 

4d= 1.9 

2. 

13 

0 

7 

23 

15=h 3.8 

3. 

16 

39 

60 

98 

79db 9.0 

4. 

19 

134 

1,162 
1,435 i 
628 1 

1,684 
1,683 
1,423 

1,423±124. 5 
1,559d= 59.1 

5. 

22 

83 

6. 

25 

270 

1,026=1=189.3 




WARM HOUSE 


22 

165 

339 

1,125 

732±187.4 

25 

71 

1,056 

1,266 

1,161=1= 50.1 

28 

139 

483 

581 

532=i= 23.4 

31 

142 

1,138 

563 

851=1=137.4 

34 

61 

391 

651 

521± 62 

36 

26 

247 

303 

275=1= 13.4 

38 

31 


4 

4 




EXPERIMENT 6 

In the latter part of February, 1922, an experiment was started 
with Early Buff soy beans. The cans were prepared as usual, and the 

bean seed planted, all the 
cans being held under the 
same conmtions until they 
were well started. Ap¬ 
proximately two weeks 
were required for this. 
On March 15 four inocu¬ 
lation and two control 
cans, each containing two 
soy-bean plants with the 
cotyledons fully devel¬ 
oped into primary leaves, 
and secondary leaves just 
appearmgjWere placed into 
the tanks in a house aver¬ 
aging about 19° 0. Soil 
moisture was maintained 
. at 60 per cent of capacity. 
The temperatures of the^ 
tanks were started at 13°, 
16°, 19°, 22°, 25°, and 
28°, and held within a 
degree or^two of these readings throughout the experiment, which 
closed Ap|il 6, 


L 

I 

^/OO 







;ss^ 




Fig. 11.—'Effect of temperature on development of root knot in 
soy beans 
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The plants showed gradually increased vigor from the lowest to 
the hignest temperatures. There was a distinct difference between 
the controls and the inoculated at the upper three temperatures, a 
slight difference at 19°, and none at all at the lower two. Eoot- 
knot development showed a distinct relation to temperature, as 
shown by Table 4 and Figure 11. Differences between adjacent 
temperature steps were sometimes not significant, but wider com¬ 
parisons were usually distinctly so. 

Table 4. —Effect of soil temperature on rooUknot development in soy heans^ 


Tank 

No. 

Temperature, degrees 0. 

Control 

Inoculated 

Plants 
in first 
can 

Plants ■ 
in sec- i 
ond can 

Average height 

Plants in 
first can 

1 Plants in 

1 second can 

1 

Plants in 

1 third can 

Plants in 
fourth can 

Average 

Height 

Height 

Height 

Number 
of knots 

Height 

Number 
of knots 

Height 

Number 
of knots 

Height 

Number 
of knots 

Height 

Number 
of knots 



Cm. i 

Cm. 

Cm. 

Cm. 


Cm. 


1 

Cm. 


Cm. 


Cm. 


1.; 

13 

12 i 

12 

12 

9 

4 

10 

10 

10 

6 

10 

3 

\ 10 

6=t 1 

2.i 

16 

11 ; 

12 

12, 

10 

45 

12 

75 ! 

13 

48 

12 

55 

12 

56=b4 

3.! 

19 

14 ! 

13 

13 

12 

56 


153 

11 

76 

12 

141 

i 12 

106d=14 

4.i 

22 

16 1 

14 

35 

13 

225 

13 

31 

13 i 

128 

14 

117 

13 

125 ±23 

5. 

25 

18 

18 

^A\ 

16 

133 

IS 

86 i 

16 i 

226 

18 

55 

1 16 

125±22 

6. 

28 

22 ‘ 

23 

22 

19 

186 

18 

1 

669 

21 

502 

19 

321 

i 

1 

420±61 


EXPERIMENT 7 


Early in the temperature studies it seemed 
desirable to conduct an experiment in which 
a controlled daily rise and fall of tempera¬ 
ture could be compared with certain con¬ 
stant temperatures. Preliminary work at 
Madison, Wis., with a fluctuating-tempera- 
ture tank made it evident that the exact 
range of temperatures desired eouM be 
obtained very closely. Coh^qumtly^ at 
Washington, in the fall of 1922, the control 
apparatus was improved through one or 
two stages until the apparatus represented 
by the drawing in Figure 12 was made. A 
is the spring from an ordinary 5-cent mouse 
trap. The different parts are secured in 
place on a slab of transits by means of 
strong copper wire at a, J, c, and d. 
Points a and h are connected, by means of 
this same wire, with the binding posts i and 
Cf respectively. Since the spring extension 
e must conduct an electric current, it is 
wound with copper wire of about 24 gauge, 
thus connecting posts B and 0 when 3ie 
trap is set. The trip / is connected by 
means of a very fine wire with the clapper 
of an alarm clock. 

A simple battery switch FGH is located 
near by. The wires from the heater are 
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connected at point F on the switch, and at post B on the trap. 0 
on the switch is connected bj" heavy current wire with post ( 7 , 
and H with post D on the trap. In the evening the switch con¬ 
nection FH is made, and the trap is set. The release of the alarm 
at the desired hour in the morning springs the trap. This makes the 
necessary contact on the copper plate {E) to close the circuit through 
the heater immersed in the tank. At the same time the pull of the 
spring is utilized to jerk out of its position by means of a string the 
outlet of the rubber hose carrying a stream of cold water, turning the 
water from the fluctuating tank to another outlet. The temperature 
of .the tank immediately begins a gradual rise, therefore, until the 
desired upper limit is reached, when it is cut off by means of the usual 
thermostatic control. 

Meanwhile, sometime during the day the trap and alarm are reset 
and the current switched from FH to FO, Now, when the trap is set 
the circuit is closed, instead of open as with the night setting; and 
when the trap is sprung at the desired hour in the afternoon, the 
contact made by the trap spring and tongue is broken, and the 
circuit is opened, thus immediately shutting off the heat in the tank. 
Again, the pull of the spring releases the smml hose carrying the stream 
of water from its position during the day (where it has been held by a 
small plug in the pulley), so that it springs back and carries the stream 
into the fluctuating tank again. Thus the temperature immediately 
begins to fall, and continues to drop until the equilibrium of the city 
water temperature is reached. By running the stream of water fast 
or slow, as the need may be, a variation of two or three degrees in low 
temperature can be accomplished. 

Experiment 7 was started on January 16, w’hen three inoculation 
and one control cans each of lettuce and radish were planted. Three 
days later the cans were set into the tanks running temperatures as 
follows: No. 1, fluctuating, 10° to 19° C.; No. 2,10°; No. 3,15°; No. 4, 
17°; No. 5, 19°; No, 6, 23°. Thermographic records were kept of 
water temperatures in the fluctuating, low, and medium temperatures 
by means of soil thermographs. Figure 13 shows specimen records 
for one week. Frequent tests showed that the soil temperature in the 
center of the cans followed very closely after the temperature of the 
water as indicated by the thermographs. The immersed bulb of the 
thermograph lagged somewhat behind the water itself, as did also the 
soil temperatures in the cans, so the record gives a fairly accurate 
representation of the changes that actually took place in the cans of 
soil. No great variations from the desired temperatures occurred in 
any of tlie other tanks. Moistures were kept up within five points 
of cent of the moisture-holding capacity of the soil. 

It was not deemed profitable to make counts with the radishes, 
becaup^ the unsuitability of the material for making this sort 
of record!. The results from casual examination of the roots at 
the time they were removed showed that they followed very closely 
the results on the lettuce. No infection was evident at 10° C., a 
medium amount at 15° and the fluctuating temperatures, then an 
apparently increasing abundance at 17°, 20°, and 23°, The growth 
of the radishes was irregular, but apparently best at the medium and 
fluctuating temperatures, the roots being much better here than 

at any of the other temperatures. 

, % 

I 
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The lettuce proved to be much the more desirable plant of the two 
for obtaining results on root knot. The response of the plants to 
the temperatures was somewhat as it was in experiment 3, though 
the higher temperatures were not nearly so hard on the plants, due 
to the fact that no injurious fungi were present in the soil. (Steri¬ 
lized soil was used.) The plants grown at 15° C. and at the fluctuat- 



FiG. 13,—Eecord of temperatures in three of the tanks during one week of experiment 7, in the green¬ 
house at Washington, D. C. Note the fairly uniform daily range of temperature obtained in the 
fluctuating tank. The periodical drop indicated on the sheet marked “I^w" was caused by the 
inflow of water from the fluctuating tank, when its temperature was automatically started on its 
rise. The middle sheet shows the air temperature, as well as the “Medium” soil temperature, 
for the week ending February 19 

ing temperatures presented much the best appearance at the close 
of the experiment. At 10° good heads were produced, but they were 
not as lame as those in the 15° tank. It is probable that the optimum 
for growth is between 10° and 15°. At the higher temperatures 
up to 20° good leaf growth was obtained, but the plants nad long 
internodes and were not of good commercial type. At 23°^ the plants 
were smaller, showing that that was above the range of good growth, j 
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Unfortunately, the soil used in this experiment had lost a great 
proportion of its nematodes when the last series (fpm experiment 2) 
were remoYed. Results therefore lack the striking contrasts that 
are usually present when the parasites are present in abundance. 
Table 5 indicates the effect of the temperatures on the lettuce root- 
knot infection. Figure 14 shows the same results. 

Table 5. —Effect of soil temperature on development of root knot in lettuce in three 

inoculation cans 


- 


Tern- 

N umber of knots on— 


Tank No. 

perature, 
degrees 
[ C. 

Plants 
in first 
can 

Plants 
in second 
can 

Plants 
in third ■ 
can 

Average 

1. 

10-19 

55 

146 

45 ! 

82±17.5 
2 

2_..... 

10 

0 

6 

0 

3. 

15 

160 

72 

64 

105±12.8 

4. 

17 

450 

167 

220 

279=fc47.8 

5.. 

20 

610 

380 

367 

452=b43.4 

6. 

23 

218 

245 

231 

231± 4.3 





Table 5 and Figure 14 
show practically no root 
knot at 10° C. and a 
greater amount with 
each rise in temperature 
up to 20°, as is to be ex¬ 
pected from the resxilts 
of previous eaCperiments. 
The number of knots 
drops off at 23°, con¬ 
trary to results with 
tobacco and tomato. 
-This is to be expected, 
since it is in accord with 
the reduced ^owth of 

Fig. 14.— Effect of soil temperature on development of root knot in the host at that tem- 
lettuce. Tke drop at 23® was due to reduced growth of the plant _ T? 

rather than to less favorable temperature peratUTC. JttOOt grOWtlX 

was much reduced, and 
number of knots per unit length was undoubtedly greater here 
than at any other temperature. These data, however, are entirely 
misleading if total number of knots alone is considered as the criterion 
of severity of root knot. 

In a comparison of the root knot in the fluctuating tank with that 
at the average or 15° tank, the record of temperatures should be con- 
sWered first of all. While the maximum reached was quite con¬ 
sistently 20° C., and the minimum 10°, making an average of 15°, 
certain irregularities resulted from differences in the rising and 
falling curves of temperature. These differences are plainly evident 
in Fi^e 9. Although the hours of beginning of the rise and fall 
were just 12 hours apart, careful computation showed that during 
the course of the experiment the temperature was above the average 
for 295 hours out of the total period of 938 hours, or only about 31.5 
per cent of the time. In accordance with what might be expected 
I from this, the number of knots at the fluctuating temperature is 
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somewliat less than the number at the average, the difference being 23. 
The probable error of the difference is 21.5. The chances are about 
even, then, that the difference is due to chance rather than tempera¬ 
ture. The difference is therefore not significant. 

Further study of the record shows that the temperature was above 
13® C., the approximate critical temperature for noteworthy infec¬ 
tion, for 411 hours, and below it for 527 hours. The period favorable 
for infection was undoubtedly long enough to overcome the quies¬ 
cence due to the cooler temperatures, and to permit development of 
definite symptoms of the disease. 

EXPERIMENT 8 

In order to test this point still further, a final experiment with the 
same apparatus was started March 5. The -sou was thoroughly 
mixed and reinoculated, Koots of French cocklebur containing an 
abundance of live nematodes were used as squrce^ of inoculum. 
Vigorous young celery plants that had been held in 2-inch pots until 
roots were abundant and tops were about 4 inches high were used. 
Uniform plants were set out, one to a can, six in inoculated and two 
in sterde control soil for each of the six tai^. Moisture was main¬ 
tained at ^proximately 60 per cent of moisture-holding capacity of 
the soil. Plants were inserted into the tanks after three days, to 
become established under like conditions. Tank temperatures were 
adjusted to 11®, 14®, 17®, 20®, 23® C., and fluctuating from 11® to 
18®. The automatic control for the latter tank was set to start the 
rise in temperature about 2 o^clock in the morning and the fall at 
4 o^clock in the afternoon. This was designed to compensate for 
the difference in shape of the risir^ and falling curves, and thus to 
make the periods more nearly even above and below the critical 
temperature for infection. 

The experiment was brought to a close April 4, just 30 days after 
it was started. Fairly uniforin curves were obtained in the fluctuat- 
ing-temperature tank. Occasional irregularities occurred. During 
the experiment the temperature was above 13® C. (the critical tem¬ 
perature for infection) for 361 hours, and below it for 359 hours. It 
was above that of the ^^mean” tank (14®) for 283 hours, and below 
for 437 hours. The temperatures in the constant-temperature tanks 
did not vary greatly from the desired points. The results are shown 
in Table 6, in total number of knots, and in number of knots per 
decimeter of root length. In order to arrive at an absolute basis 
of comparison, these results were studied statistically, the deviations 
of the different plants of one lot from the mean were recorded, and 
the standard deviation and the probable error of the mean were 
calculated. 

With these figures at hand, the actual significance of any specific 
differences can readily be seen. Comparing first the constant tem¬ 
peratures, Figure 15 shows to best advantage the uniform rise in 
^ amount of imection from 0 in the 11® tank, to nearly 11 knots per 
decimeter of root length in the 23° tank. Between the 11® tank 
and the 14® tank significance is self-evident, and verifies earlier 
results as to the critical temperature. Between the 14® tank and 
the 17® tank the difference, 2.28 knots, is sufficiently greater than 
the probable error of the difference, 0.33, to be significant, conse¬ 
quently it is justifiable to conclude that even in this short range 
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the stimulation of increased temperature has made itself felt in 
increased amount of infection. This stimulation appears to be con¬ 
tinuous up to the highest temperature tested, 23° C. Between the 
20° and 23° tanks the difference is 4.83 knots per decimeter. The 
probable error of the difference is 0.93, or less than one-fifth the dif¬ 
ference between the two, consequently the uniformity of the curve 
of infection may be judged to be significant. 


Table 6. —Effect of temperature on root knot in celery 


Tank and can number 

Temper¬ 

ature 

Length of 
root 

Number of 
knots 

Knots per 
dm. 

Tank 1: 

® a 

Cm. 



Can 1 .-. 

11 

1,727 

0 

0 

Can 2.-.-. 

11 

2,345 

2,196 

0 

0 

Can 3__.-.-.. 

11 

0 

0 

Can 4.-.. 

11 

1,022 

0 

0 

Can 5....-.-. 

11 

1,988 

0 

0 

Can 6.-.-.-. 

11 

1,648 

0 

0 

Can 1 (control). 

11 

1,816 

0 

0 

Can 2 (control).' 

11 

3,586 

0 

0 

Tank 2: 





Can 1.' 

14 

1,401 

2,371 

312 

2.227 

Can 2.' 

14 

377 

1. 590 

Can 3.1 

14 

1,889 

411 

2.175 

Can 4. 

14 

1,364 

429 

3.145 

Can 5.1 

14 

1,898 

560 

2.950 

Can 6.1 

14 

1,881 

505 

2.684 

Can 1 (control).' 

14 

1,823 



Can 2 (control).' 

14 

3,228 



Mean.' 



. 

% 462±0.145 

Tank 3: 





Can 1. 

17 

874 

379 

4.336 

Can 2____ 

17 

908 

281 

3.094 


17 

1,203 

503 

4.181 

Can 4. 

17 

1,019 

597 

5.858 

Can 5. 

17 

1,785 

842 

4.717 

Can 6. 

17 

1,878 

1,185 

6.309 

Gan 1 (control)... 

17 

1,270 



Can 2 (control)..-. 

17 

4,992 



Mean. 

! 

i 

4.749±0. 295 

Tank 4: 





Can 1. 

20 

1,021 

619 

6.062 

Can 2.. 

20 

1,195 

627 

5.247 

Can 3.-.. 

20 

2,197 

1,804 

8.211 

Can 4... 

20 

759 

466 

6.139 

Can 6. 

20 

895 

502 

5.608 

Can 6---. 

20 

1,376 

787 

5.719 

Can 1 (control)... 

20 

443 



Can 2 (conta:dl).-.— 

20 

6,431 



Mean......j 

1 



6.164=fc0.265 

Tank 5: 





Can 1.-.1 

23 

1,024 

1, 270 

12.402 

Can 2. 

23 

891 

1, 214 

13. 625 

Can 3.... 

23 

665 

927 

13.939 

Can 4---... 

23 

912 

1,090 

11.951 

Can 5.. 

23 

488 

219 

4.487 

Can 6. 

23 

653 

623 

9.540 

Can 1 (control). 

23 

1,126 
1,309 



Can 2 (control).—. 

23 



Mean—...... 




10.991±0.891 

Tank 6: 





Can 1.-._■.. 

111-23 

4,823 

157 

.326 

Can 2. 

111-23 

a 242 

314 

1.400 

Can 3.-.. 

111-23 

1,067 
3,364 

144 

1.349 

Can 4.... 

111-23 

85 

.252 

i Can 5. 

111-23 

1,029 

2,242 

150 

1.457 

1 Can 6.-.... 

1 11-23 

218 

.972 

f Can 1 (control). 

111-23 

1,261 



Can 2 (control). 

111-23 

1,820 




Mean. 


.959d=0.137 
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In comparing the plants grown in the fluctuating tank (12° to 
18° C.) with those at 14° (just above the critical temperature), a 
significant difference is also observed, the difference of 1.49 knots 
being comparable with 0.20, a ratio of more than 7 to 1, which is well 
above the limits of what might be expected from random sampling. 
Tins is just as might be expected from the fact that the temperature 
was below 14° about 1.54 times as long as it was above, which shows 
again the rather delicate irritability of the nematodes to temperature 
as a stimulating agent. It shows that even several hours a day below 
the temperature at which they are capable of infesting a plant, does^ 
not render them incapable of infestation during the comparatively 
short period when temperature conditions are favorable. 


EXPERIMENT 9 

As a final experiment in the soil- , 
temperature control series, tests were 
made with vetch, which is becoming / 
more and more prominent as a winter ^ 
green-manure crop in the South, and 
with potatoes. This series was started ^ 

February 17, 1924, with rich sandy soil, 
steam-sterilized at first, then very 
heavify inoculated with fresh root-knot 
material of French cocklebur, TJrena ^ 
lobata, from Brooksville, Fla. In order 
to be certain of sufficient legume bac- | 
teria, a wet inoculation with a fresh ^ 
culture of the vetch organism was 
made. The temperatures used were ^ 

12°, 15°, 18°, 21^, 24°, and 27° C. ^ 

The series was closed April 2. The | 
temperature records, which were main- ^ 
tained throughout by means of soil 
thermographs, whose bulbs were im¬ 
mersed in the water at the average 
depth of the soil cans, showed in general 
very satisfactory control, except in the 
case of the low tank (12° C.5, which 
occasionally ran too high. During 

the fimt week this tank was above 14°, the critical temperature for 
infection, for 10 hours. The third week it averaged more nearly 
13° than 12°, and was above 14° for a total of 34 hours. In the 
fifth week it was up again on two occasions, for a total of 18 hours 
above 14°. 'Hie higher temperature was unavoidable; it was due 
to gradual rising of the temperature of the cold-water supply. 

These 62 hours above the critical temperature for infection un¬ 
doubtedly account for the infection that took place in the potato 
roots in this tank. While some of the other tanks, notably those at 
*18° and 21°, showed an occasional wider fluctuation than was desir¬ 
able, the averages were approximately as anticipated. 

The results of this experiment are given in Tables 7 and 8, and 
are shown in Figures 16 and 17. (See also fig. 9, B, C.) Here 
again statistical methods are followed in order to obtain a reliable 
basis for comparisons. 

2317—26-4 



//• 23 ^ 
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The results with the vetch are particularly noteworthy, and show 
clearly the effect of higher temperature in increasing the amount 
of root knot within a given period. Figure 16 shows the gradual 
and almost uniform rise from none at all at 12° C. to about 20 per 
decimeter of root length at 27°. The effect is almost the reverse 
for infection of the roots by the nodule bacteria. At the lower temper¬ 
atures (12°, 15°, and 18°) nodule development was abundant. At 12° 
it was much less and at 24° and 27° it was practically negligible. 



Fig. 16.—Effect of temperature on development Fig. 17.—Effect of temperature on development of root 
of root knot in the vetch Vida monantha knot in potatoes 


The combined effects produced by temperature on the different 
growth factors were strikingly evident in the growth of the plants. 
At 12°, 15°, and 18° 0. the plants were well supplied with beneficial 
nodules and were practically free from nematode root knots, and 
splendid growth occurred. Growth was greatly reduced at 24° and 
27°, where root knot was abundant and beneficial nodules lacking. 
Figure 9, B, shows the root growth in the 12° tank, with good 
nodules and entire freedom from root knot. The plants grown at 
15° were practically the same. Figure 9, C, shows the root of a 
plant grown at 27° C., with no nodules and abundance of root- 
knot infection. 

With the potatoes the abundance of heavy root growth and the 
obvious uniformity of infection made it seems unnecessary to make 
complete counts of numbers of knots. Consequently, typical roots 
were selected from each plant and measured and number of knots 
counted. Estimates for the entme plant in number of knots per 
unit of length of root were made on this basis. The results as shown 
in the graph in Figure 17 agree with all previous results with other 
plants, in showing increase in infection with rise in temperature. 
This rise was particularly uniform with the potato. 
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Table 7. —Effect of temperature on root-knot development in vetch 


Temperature and 
can No. 



Cm, 

Can 1. 

180 

Can 2. 

158 

Can 3--. 

168 

Can 4. 

143 

Can 5--. 

148 

C.: 


Can 1--. 

133 

Can 2__ 

136 

Can 3. 

98 

Can 4. 

152 

Can 5. 

146 

C.: 


Can!. 

148 

Can 2. 

93 

Can 3. 

170 

Can 4.' 

182 

Cfl’n .5 


C.: 


Can 1. 

107 

Can 2.-. 

148 

Can 3 - _ 


Can 4. 

113 

Can 5. 

52 

C.: 


Can 1. 

132 

Can 2. 

40 

Can 3. 

145 

Can 4. 

78 

Can 5. 

37 

C.: 


Can 1. 

50 

Can 2. 

67 

Can 3. 

28 

Can 4. 

41 

Can 5. 

87 


Length 


Beneficial nodules 


Clustered on upper part of main root 
and scattered throughout. 

Scattered throughout root... 

One cluster on main root... 

3 small clusters.. 

2 clusters...... 

Clustered on main root and scattered 
throughout. 

Scattered..... 

Scattered throughout.. 

A few scattered-.... 

Cluster on main root-.... 

Few and scattered—.... 

Few..... 

.do—.... 

Cluster on main root.. 


Few._ 
.do 


Different species, few nodules. Angus- 
tifolia. 

None.-... 

Few. 

Very few..-. 

Few, scattered. 

Very few.-... 

None. 

Two. 


Clustered about main root. 

Very few. 

.do. 


Knots 


Knots 
per 
d. m. 


Mean 


Number 

0 

0 ; 
0 ; 
0 ! 
0 : 

I 

17 

29 
9 

30 
29 


Number 


67 


84 

106 


167 

44 

114 

62 

132 

169 

132 

110 

155 


1.278 

2.132 

.918 

1.973 

1.986 

2.84 
5.48 
3.12 
3.68 


1.657db.143 


3.78d=. 31 


7.85 
7.16 


14.78 

8.46 

8.64 
13.00 
9.10 
21.66 
37.67 

22.00 

23.13 


9 .56±.92 


18.01=fc2.13 


20.24 

13.33 


19.€8±1.25 


Table 8. —Effects of temperature on root-knot development in potato 


Temperature and can No. 

! 

Number 
j of roots 

' Specimen root examined 

Length 

Number 
of knots 

Number 
of knots 
per dm. 

j Mean 

12® C: 


Cm. 




Can 1_ 

23 

15 

6 

4.000 


Can 2..... 

22 

9 

4 

4.444 


Can 3. 

1 17 

9 

7 

! 7.777 

5.407±0.66 

15® C.: 

1 





Can 1_ 

19 

15 

27 

18.00 


Can 2-_.... 

14 

15 

54 

36.00 


Can 3. 

16 

16 

34 

21.25 

25.08+13.05 

18® C.: 






Can 1--... 

14 

9 

58 I 

64.44 


Can 2-_. 

10 

14 

105 

75.00 


Can 3. 

23 

10 j 

60 ! 

60.00 

66.48±!i45 

21 ® C.: 






Can 1.-... 

15 

16 

108 i 

67.50 


Can 2__-... 

14 

14 

110 

78.57 


Cans... 

22 

9.5: 

70 1 

73.68 

73.25±1,76 

24® G.: 






Can 1--.-.-. 

19 

15 

147 i 

98.00 


Can 2... 

11 

7 

95 

135.71 


Cans—...—. 

15 

10 

75 

76.00 

102.90dz9.74 

27® C.: 





. 

Can 1..... 

15 

14 

168 

120.00 


Can 2... 

14 

13 

155 

119.23 


Can 3.-. 

9 

11 

105 

95.45 

111.56dz4.54 
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EFFECT OF TEMPERATURE ON THE PATHOLOGICAL ANATOMY 

OP THE HOST 

Frequent observations during the recording of results of tem^ 
perature-control experiments indicated marked differences in type 
of knot formed at the higher and the lower temperatures. This 
was best shown in the case of tobacco in experiment 4. At 25° C. 
the knots were not only more abundant than at 19°, but they were 
smaller, asymmetrical in shape, different in color, and indicated a 
difference in the relation of the parasite to the host plant. Close 
exammation revealed that the nematodes were more frequently 
mature in the 25° tanks, and that dark masses on the sides of the 
galls were due to the extruded egg masses of the females. This stage 
in their maturity was reached before the galls had developed to the 
size of those in the 19° tank. The smaller, more mature galls were 
more injurious to the host than the others, for the difference between 
controls and inoculated plants was always greater at the higher 
than at the lower temperatures. 

The same type of differences occurred with other crops as well, 
notably with celery and cucumber. 

In experiment 9 with the potato, a peculiar warty formation in 
the vascular region of the cut surface of the seed piece, at the higher 
temperatures, was found to be due to infection of the seed piece. 
Mature female nematodes were foxmd within such galls. This was 
observed in several different cases. The seed pieces had previously 
been freshly cut on one surface, the other side having become pro¬ 
tected by a corky layer, which had developed as the seed piece lay 
in moss for sprouting. Only the freshly cut surface was found 
infested in the manner just described. In ordinary practice, potato 
seed-piece infection is not likely to be much of a factor in nematode 
increase, in view of the fact that at the time the potatoes are 
planted the temperature of the soil is ordinarily too low for much 
activity on the part of the eelworms. 

CONCLUSIONS 

General observations pointing toward climate as one of the limiting 
factors in the distribution of the root-knot nematode have been 
justified by a few definite experiments. 

The results of the soil-temperature experiments are evident and 
conclusive. Below about 16° C. the amount of root knot is sub¬ 
stantially less than it is only two or three degrees higher. Three 
degrees lower yet it is almost eliminated and is practically negligible. 
At 10° and 12° infections are very rare. Dmerent crops vary to 
some extent in amoimt of infection at points near the critical tem¬ 
perature. Tobacco shows the change very abruptly, from the lower 
to a higher temperature, whereas with soy bean the change appears to 
be more gradual. With both, the critical temperature is much below 
the optimum for growth. With crops whose range of good growth 
includes the critical temperature, the difference in root-knot develop¬ 
ment are striking. At the higher temperatures root knot is abundant 
up to as high as the plants will grow. There appeared at times to be 
( a dropping off of amount of the disease above 30°, but this was usxially 
traceable to a decrease in available root growth, rather than an actual 
decrease in proportion of affected roots. 
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The similarity in effect on all the plants studied, high-temperature- 
loving and low-temperature-loYing plants alike, lead to the belief 
that the reaction to temperature is on the part of the parasite rather 
than the host. Differences in type of knots are produced at different 
temperatures, to be sure, but here again at least a part of the differ¬ 
ence is due to diff'erences in stage of development of the nematode. 

There appears to be opportunity for economic application of the 
results of investigatiohs described in this paper. Many successful 
commercial greenhouse men throughout the country, as well as truck 
growers in the South, make use of the fact of the warmth-requiring 
proclivities of the root-knot nematode to grow successfully low-tem¬ 
perature-enduring plants, such as lettuce and celery, in root-knot- 
infested ground. Stone and Smith (7) reported that they had grown 
lettuce in soil following badly diseased cucumbers, and that root knot 
did not appear on it. They attributed this to resistance of the lettuce 
to nematode infection, and could not account for the fact that they 
had elsewhere seen lettuce badly knotted, unless by the possible 
occurrence of different strains of nematodes. It is probable that 
their lettuce was grown at the temperature most favorable* to it, 
which is below the critical point for severe nematode infestation. 
Greenhouse managers may now be able to adjust temperatures with 
root-knot control in mind, with a possible saving in costs. Simi¬ 
larly, southern truck growers may be able to so adjust time of plant¬ 
ing celery, lettuce, and other low-temperature-loving plants, as to 
avoid to a greater extent losses due to root knot. 

The results of the experiment with vetch would seem to add greatly 
to the argument for the use of winter vetches as southern soil- 
improvement crops, in some sections at least. They should be 
valuable in root-lmot control rotations. Even if susceptible to root 
knot, their principal period of growth would be below critical tem¬ 
perature for root-knot infection. As far south as BrooksviUe, Fla., 
soil temperature records show that for the winter of 1920-21 the soil 
temperature at 12 inches in depth was below the critical temperature 
for infection for only a short period, approximately a week in January. 
Prior to that it was below for parts of a day only. The use of a 
susceptible vetch in this locality, therefore, would not be practicable. 

Farther north, however, and yet within the region of serious root- 
knot damage, lower soil temperatures arc attained. At Monetta, 
S. C., the records for a 5-inch depth show an almost constant tem¬ 
perature below 13° 0. from about the 1st of December, 1921, to about 
the mid^e of April, 1922. At 12 inches it was approximately the 
same, with less fluctuation and a slower response to spring warmth. 
At this place, therefore, a hardy fall-planted vetch grows readily until 
well along in the spring, without risk of increasing the nematodes, 
and with definite soil improvement. 

The amount of moisture seems to play only a small part in root- 
knot development, so long as the moisture content of the soil is 
favorable to the growth of the crops. Within the range, of 40 to 80 
per cent of the moisture-holding capacity of the soil there is very little 
difference in root-knot development. At 60, 70, and 80 per cent 
there appears to be a slight increase over the other percentages. 
Even below 40 per cent, which is too dry for good growth of ordinary 
crops, and above 80, which is more or less muddy, considerable root 
knot occurs. 
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A STUDY OP SOIL HETEROGENEITY IN 
EXPERIMENT PLOTS^ 


By R. J. Gaebee, Head, Department of Agronomy; T. C. McIlvaine, Assistant 

Agronomist, in charge of Maggie substation; and M. M. Hooves., Junior 

Agronomist, all of the Agricultural Experhnent Station of West Vu'gmia 

Vniversity 

INTRODUCTION 

In carrying on plot experiments the agronomist is continually con¬ 
fronted with the problem of soil heterogeneity, a problem so im¬ 
portant that no field experiments are carefully planned without* con¬ 
sidering it. Several ways of overcoming the effect of soil hetero¬ 
geneity have been suggested, one of which is replication of plots in 
such manner as to take into account the uniformity of the soil as 
revealed by production. 

A few years ago the West Virginia Agricultural Experiment Sta¬ 
tion acquired about 16 acres of second-bottom land in Mason County 
near the Ohio River at Maggie, W- Va. The tract is level and to the 
eye appears quite uniform. It is mapped as Wheeling fine sandy 
loam ” by Bureau of Soils ^ of the United States Department of Agri¬ 
culture. The greater part of the tract was available for rotation 
experiments, but before beginning the experiments it was decided to 
make a soil-uniformity test by gTOwing blanket crops for two suc¬ 
cessive years. 

PLAN OP THE FIELD 

In all, 270 plots, each 68 feet by 21 feet, were laid off for the rota¬ 
tion experiments. Although the gross area of a plot was approxi¬ 
mately ^ of an acre, yield was based on an area 61 feet by 14 
feet only. A border feet wide on the sides and ends of each 
plot was discarded at harvest, the area upon which yield was based 
being approximatelyof an acre. The general plan of the field 
experiment is shown in Figure 1. 

The plots were laid out in three double series, with a 14-foot road¬ 
way around the entire field and between the double series. The plot 
numbers, and the plots used for a certain rotation, are given in the 
diagram, the latter being indicated by letter. The letter a is found 
in plots 1, 13, 25, and 33, and a' is found in plots 111, 123, 135, and 
143. The crop rotation for the first series of plots is corn first year, 
wheat second year, clover and timothy third year, and potatoes 
fourth year, with a cover crop between certain crops. The number 
of plots and the number of years to complete the rotation were 
arranged to correspond, so that each crop would be grown each year. 
This cropping system is duplicated in plots 111, 123, 135, and 143, 
designated by a'. For example, in 1925 plots 1 and 111 were occu¬ 
pied by corn, 13 and 123 by wheat, 25 and 135 by clover and timothy, 

^ Received for publication Dec. 28, 1925 ; issued August, 1926. Approved for publication 
by the Director of the Agricultural Experiment Station of West Virginia University as 
Scientific Paper No. 11. 

® liATiMEB, W. J., and Mooney, C. N. soil suevey op the point pleasant area, west 
VIRGINIA. U. S. Dept. Agr., Bur. Soils, Field Oper. 1910, Rpt. 14: 107T--1122, Ulus. 
1912. 
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and 38 and 143 by potatoes. The scheme of replication for the other 
rotations is indicated in similar manner—a certain letter indicates a 
given rotation, and the same letter primed indicates the duplicate 
plots. 



Plot 

Plot 


Plot 

Plot 


Plot 

Plot 


Roadway 


1 a 

51 


101 s 

151 


201 m' 

251 



2 b 

52 


1021 

152 


202 n' 

252 



3c 

53 


103 Q 

153 


203 0' 

253 



4d 

54 


104 V 

154 


204 m' 

254 



5e 

55 


105 r 

155 


20511' 

255 



6 f 

56 


106 q 

156 


206 0' 

256 



Jg 

57 


107 q 

157 


207 m' 

257 


'■ 

8 h 

58 


108 a 

158 


208 n' 

258 


I 

9i 

59 


109 V 

159 


209 m' 

259 


1 

10 j 

60 


IlOx 

160 


210 w' 

260 


! 

11 k 

61 


111 a' 

161 


211 p 

261 


! 

121 

62 


112 b' 

162 


212 p 

262 



13 a 

63 


113 c' 

163 


213 p 

263 



14 b 

64 


114 d' 

164 


214 p 

264 



15 c 

65 


115 e' 

165 


215 q 

265 



led 

66 


116 f' 

166 


216 r 

266 



17 e 

67 


117 g' 

167 


217 s 

267 



18 f 

68 


118 h' 

168 


2181 

268 



19 g 

69 


119 i' 

169 


219 u 

269 



20 h 

70 


120 j' 

170 


220 q 

270 


a 

21 i 

71 


121 k' 

171 


221 r 

271 



22 j 

72 

% 

1221 ' 

172 


222 s 

272 

! A 
' ^ 


23k 

73 

'O 

123 a' 

173 


2231 

273 

•a 

3 

241 

74 


124 b' 

174 

oi 

o 

224 q 

274 

eS 

o 


25a 

75 

P3 

125 c' 

175 

Ph 

225 s' 

275 



26 b 

76 


126 d' 

176 


226 r 

276 



27 c 

77 


127 e' 

177 


2271' 

277 



28 d 

78 


128 f' 

178 


228 q' 

278 



29 e 

79 


129 g' 

179 


229 u' 

279 



30 f 

80 


130 h' 

180 


230 r' 

280 




81 


131 i' 

181 


231 q' 

281 



32 h 

82 


132 j' 

182 


232 q' 

282 



33 a 

83 


133 k' 

183 


233 q' 

283 



34 b 

84 


1341' 

184 


234 r' 

284 



35 c 

85 


135 a' 

185 


I 235 s' 

285 



36 w 

86 


136 b' 

186 


2361' 

286 



37 m 

87 


137 e' 

187 


237 u' 

287 



38 n 

88 


138 d' 

188 


238 q' 

288 



39 0 

89 


139 e' 

189 


239 r' 

289 



40 m 

90 


140 f' 

190 


240 v' 

290 



41 n 

91 


141 g' 

191 


2411' 

291 



42 0 

92 


142 h' 

192 

1 

242 q' 

292 



43 m 

93 ; 


143 a' 

193 


243 r' 

293 



44 n 

94 


144 b' 

194 


244 s' 

294 



45 m ; 

95 1 


145 c' 

195 


245 v' 

295 



Roadway 



Pig. 1.—Field plan of the plots used in the rotation experiments at Maggie, W. Va. 


Jp. Figure 1 letters are given to only the first series of each double 
eries of plots. The systeru of cropping in the second series was 
imilar to the first series, and the manner of replication in the two 
series exactly corresponded. The difference between the first and 
second members of each double series is a matter of lime treatment, 
of cover crops, or of handling crop residues. The duplicates of plots 
51, 63, 75, and 83 are 161,173,185, and 193, respectively. In similar 
manner the cropping system and the method of replication with^ 
r^ect to the other crop rotations in the second series follows that 
of the first series. 
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THE CROPS AND METHODS OF DETERMINING YIELDS 

Before actually beginning the rotation experiments, and before 
any differential treatment was given to the plots, the whole area 
diagrammed in Figure 1 was cropped first (in 1923) to oats, and then 
{in^l924) to winter wheat. Fulghum oats and Gladden wheat were 
used. Both crops were seeded with a grain drill, and the rows were 
run lengthwise of the plots. The oats was seeded at the rate of 
approximately 2% bushels per acre, and the wheat at about 6 pecks 
per acre. The oats was harvested for hay and the wheat for grain. 
The crops on the borders of each plot were removed before harvest, 
and in the case of oats the hay produced on the entire net area (61 
by 14 feet) of each plot was weighed. At the same time a sample of 
approximately 500 gm. of hay was taken and carefully weighed. 
These samples were hung in a well-ventilated shed, and when they 
reached a relatively constant weight they were weighed again. 
The second weighing was on a dry, sunshiny day. The amount of 
air-dry material produced per plot was computed from the data so 
obtained. 

The yield of wheat was determined in the manner suggested by 
Arny and Garber.^ There were no facilities for threshing the grain j 
of each plot separately, so the yields were determined from five/ 
rod rows from each plot. One drill row 16 feet long was removed 
from the corner of each plot (after borders had been removed), 
and one drill row of the same length was taken from the middle 
of the plot. No attempt was made to keep the rod rows of any one 
plot separate. This material in bundles was hung in a shed until 
dry and was then weighed. After the bundles were weighed the 
spikes were removed from the straw and shipped to Morgantown, 
where they were threshed and the yield of grain determined. The 
yield in bushels per acre of each plot was calculated from these 
results. The yield of the straw was obtained by subtracting the 
weight of the grain from the total weight of the rod-row bundles. 

After the rod rows were removed each plot was harvested sep¬ 
arately with a grain binder. The bundles were tagged and set up 
in small shocks and covered with canvas. After the shocks had 
thoroughly dried out under these conditions the bundles from each 
plot were weighed. In this way the yield of grain plus straw was 
determined. 

YIELDS BASED ON ROD-ROW SAMPLES 

Before discussing the plot yields as a measure of soil uniformity it 
may be well to present certain data obtained in 1924 in connection 
with determining the wheat yields. As has been stated, the yields 
of wheat in bushels per acre were based on five rod rows taken from 
each plot. The weight of the straw of the rod-row samples was 
deternuned by subtracting the weight of the threshed grain from the 
total iveight. In addition to these data, the weight of the air-dry 
^ wheat bundles (straw plus grain) remaining on each plot after the 
rod rows were removed was determined. By adding this weight 
to the weight of the rod-row bundles the total production of grain 
and straw on each plot was ascertained. The interrelation of these 


® AenYj a. C., and Gabber^ R. J. fielb technic in determining yields of plots of 
GRAIN BY THE ROD-BOW METHOD. JouT. Amcr. Soc. Agron, 11: 33-47, illns. 1919. 
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data, as well as the relation between these data and the computed 
yield of grain for the entire plot, was studied. By means of the 
ratio of grain to straw from the rod rows, and the total weight of the 
grain plus the straw from the entire plot, the yield of the grain 
on each entire plot was computed. 

The correlation between the yield of grain and the yield of grain 
plus straw, all based on the rod-row samples, is shown in Table 1. 
The table shows a marked positive correlation (-f0.951±:0.004) be¬ 
tween these two sets of variables. The regression equation for yield 
of grain on yield of grain plus straw is 0.505-|-5.478X^-l-g. 

The stand ard er ror of estimate, as determined by the usual formula 
{cry.{]c=zcry\/l—r^)^ is 1.207, or about 30.9 per cent of the standard 
deviation of the yield of grain. These facts show that in this 
experiment one may predict with a fair degree of precision the 
yield of grain from the yield of grain plus straw. 

Table 1. —Correlation of yieH of grain from five rod rows with yield of grain 
plus straw from five rod rows at Maggie, W. Va, 



In view of the foregoing observations, and if the five rod rows 
from each plot are representative of the plot, a marked positive 
correlation would be expected between the yield of grain based on 
the rod-row samples and the yield of the total grain plus straw based 
on the entire plot. This expectation was fulfilled, as is shown in Table 
2. Although the correlation coefficient (0.841dz0.012) obtained is not 
as high as the one just discussed above, it nevertheless shows a marked 
positive correlation between the two sets of variables. The regres¬ 
sion equation for yield of total grain plus straw on yield of grain 
from the rod rows is y^+s=13.147-f2.269X^7- The standard error 
of the estimated yields of grain plus straw by means of the regres- " 
sion equation is 5.699, or about 54.1 per cent of the standard devi¬ 
ation of the yields of grain plus straw. It is obvious that the pre¬ 
dicted values from this equation are considerably less trustworthy 
than the predicted yields of grain from the yield of grain plus straw 
all based on the rod-row samples. 
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Table 2 .—Correlation of yield of grain plus strata from- entire plot with yield 
of grain from fiae rod rotes at Maggie^ W, Ta. 



In addition to the two coefficients of correlation mentioned cer¬ 
tain others were calculated. The correlation coefficient obtained for 
the yield of grain plus straw from the rod rows and the yield of 
grain plus straw from the entire plot was +9.872±:0.010; for the 
yield of grain from the rod rows and the computed yield of grain 
from the entire plot, +0.894:±:0.008; for the computed yield of 
grain from the entire plot and the yield of grain plus straw from 
the entire plot, +0.940±0.005; and for the yield of grain plus 
straw from the rod rows and the computed yield of grain from 
the entire plots, +0.844±:0.012. In all cases the coefficients show 
a marked positive correlation. Of particular interest is the high 
correlation between the yield of the grain plus straw from the 
rod row^ and the total yield of the grain plus straw from the 
entire plot. This high correlation shows that the weight of the j 
rod-row samples (grain plus straw) from each plot is a fairly I 
reliable index to the total weight of the grain plus straw produced j 
on that plot. The high positive correlations obtained between the 
computed yields of the entire plots and the experimentally deter- 
mmed yields of the plots are expected, in view of the high corre¬ 
lations found among the latter. 

It is believed that the facts brought out above justify the use 
of rod-row samples in determining yield. The discussion of plot 
uniformity which follows later is based on the yield of wheat in 
bushels per acre as determined from the rod-row samples removed 
from eadi plot. 

PLOT UNIPOEMITY AS SHOWN BY YIELDS OF OAT HAY 

* The yield of air-dry oat hay in pounds per acre is shown in Table 
3. The mean yield of all the plots is 1,888.7 pounds. It will be 
observed that the yield of each plot is expressed in the table as a 
deviation from this mean yield. If the yield of a particular plot 
is less than the mean yield it is indicated as a minus deviation; on 
the other hand, if the yield of a plot is greater than the mean yield 
it is diown as a plus deviation. 
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Table 3. —Yield of oat hay m pounds of air^drp material per acre per plot, 
expressed as deviations from the mean jfield of all the plots in the crop- 
rotation expetdments at Maggie, Va, Yield based on the production of 
the net area of each plot in 1023 


Plot 

Dev. 

Dev. 

Plot 

Plot 

Dev. 

Dev. 

Plot 

Plot 

Dev. 

Dev. 

Plot 

1 

+39.3 

+182.3 

51 

101 

+59.3 

+258.3 

151 

201 

+39.3 


+80.3 

251 

2 

-37.7 

+59.3 

52 

102 

+39.3 

+171.3 

152 

202 

-123.7 

- 

"136.3 

252 


+23.3 

+212.3 

53 

103 

-67.7 

-32.7 

153 

203 

-1.7 

- 

-243.3 

263 

4 ! 

-52.7 

+161.3 

54 

104 

-103.7 

+80.3 

154 

204 

-154.7 

j 

-406.3 

254 

5 1 

-32.7 

+493.3 

55 

lOo 

+666.3 

+717.3 

155 

205 

+345.3 

H 

h758.3 

265 

•6 

+34.3 

+253.3 

56 

106 

+880.3 

+952.3 

156 

206 

+273.3 

+431.3 

256 


+207.3 

+426.3 

57 

107 

+896.3 

+839.3 

157 

207 

+304.3 

+105.3 

257 

8 

+324.3 

+294.3 

58 

108 

+493.3 

+391.3 

158 

208 

+396.3 


+74.3 

268 

9 

+29.3 

+18.3 

59 

109 

+340.3 

+350.3 

159 

209 

+187.3 


+29.3 

259 

10 

+156.3 

+248.3 

60 

110 

+176.3 

+23.3 

160 

210 

+309.3 

+360.3 

260 

11 

-333.7 

-67.7 

61 

111 

+278.3 

-174.7 

161 

211 

-72.7 

+1,523.3 

261 

12 

-108.7 

-78.7 

62 

112 

-62.7 

-108.7 

162 

212 

+64.3 

+2,660.3 

262 

13 

+8.3 

-123,7 

63 

113 

-256.7 

-149.7 

163 

213 

-16.7 

+2,655.3 

263 

14 

42 7 

+29 3 

64 

114 

241 7 

164 7 

164 

214 

—16.7 

+1 joo 3 

264 

15 

+238! 3 

-l!'? 

65 

115 

-445.7 

-246! 7 

165 

215 

-123.7 

+156.3 

265 

16 

+136.3 

+299.3 

66 

116 

-220.7 

-108.7 

166 

216 

-159.7 


+23.3 

266 

17 

+8.3 

-185.7 

67 

117 

-480.7 

-83.7 

167 

217 

-62.7 


-88.7 

267 

18 

-282,7 

-190.7 

68 

IIS 

-169.7 

-419.7 

168 

218 

-231.7 


-144.7 

268 

19 

-246.7 

-88.7 

69 

119 

-256.7 

-88.7 

169 

219 

-220.7 


-78.7 

269 

20 

-582,7 

-215.7 

70 

120 

-266.7 

-180.7 

170 

220 

-169.7 

+105.3 

270 

21 

-266.7 

-195.7 

71 

121 

-195.7 

-180.7 

171 

221 

-139.7 


-1.7 

271 

22 

-419.7 

-164.7 

72 

122 

-93.7 

-1.7i 

172 

222 

+59.7 


-16.7 

272 

23 

+8.3 

+49.3 

73i 

123 

-210.7 

-180.7 

173 

223 

-134.7 


+23.3 

273 

24 

-266.7 

-174.7 

74 

124 

-287.7 

-266.7 

174 

224 

-378.7 

-103.7 

,274 

25 

-307.7 

-322.7 

75| 

125 

-292.7 

+3.3, 

175 

225 

-282.7 

-134.7 

276 

26 

+13.3 

-338.7 

761 

126 

-256.7 

-246.7i 

176 

226 

-261.7 

-327.7 

276 

27 

-292.7 

-256.7 

771 

127 

-67.7 

-159.7 

177 

227 

-231.7 

-246.7 

277 

28 

-363.7 

-317.7 

781 

128 

-251-7 

-210.7 

378 

228 

-220.7 

-338.7 

1 278 

29 

-282.7 

-424.7 

79 

129 

-307.7 

-190.7 

179 

229 

-419.7 


-470.7 

279 

30 

-215.7 

+23.3 

80| 

130 

-88.7 

-154 7 

180 

230 

-210.7 


-205.7 

' 280 

3) 

+748.3 

+59.3 

8li 

131 

+23^3 

-200.7 

181 

231 

-210.7 


-47.7 

281 

32 

+549.3 

+340.3 

82 

132 

+13.3 

-83.7 

182 

232 

-139. 7j 


-72.7 

282 

33 

+656.3 

+166.3 

83 

133 

-134.7 

-180.7 

183 

233 

-129.7) 


-47.7 

m 

34 

-93.7 

-149.7 

84 

134 

-271.7 

-62.7 

184 

234 

-190,7 

+248.3 

■284 

35 

+156.3 

+105.3 

85 

135 

-220.7 

-333.7 

185 

235 

-348.7 


-83.7 

285 

36 

t-258.3 

+258.3 

86 

136 

-67.7 

-1.7 

186 

236 

-271.7 


-118.7 

286 

37 

K31.3 

+253.3 

87 

137 

+115.3 

+125.3 

187 

237 

-266.7 


+29.3 

287 

38 

H00.3 

1 +182.3 

88 

138 

+396.3 

+202.3 

188 

238 

-465.7 


-358,7 

288 

39 

+80.3 

. +156.3 

89 

139 

+314.3 

+574.3 

189 

239 

-225.7 


-195.7 

289 

40 

+141.3 

1 +23.3 

1 90 

140 

+488.3 

+34,3 

190 

240 

-741.7 


-317.7 

290 

41- 

+324.3 

1 +340.3 

91 

141 

.+564.3 

-88.7 

191 

241 

-674.7 


-598.7 

291 

42 

+131.3 

i -353.7 

92 

142 

i -88.7 

-169.7 

192 

242 

-368.7 


-307.7 

• 292 

43 

+49.3 

! -251.7 

93 

143 

-802.7 

-72.7 

193 

243 

-669.7 


-169.7 

293 

44 

-11.1 

' -159.7 

94 

144 

-572.7 

+207.3 

194 

244 

-180,7 


+64.3 

294 

45 

-185.7 

' -205.7 

95 

145 

-287.7 

+64.3 

195 

245 

+187.3 


-190.7 

295 


Mean’s 1,883.7 pounds. 


The correlation of yields between contiguous x^lots, as suggested 
by Harris,^ was calculated, the magnitude of the correlation so ob' 
tained indicating the degree of the soil heterogeneity of this field. 
If the field is patchy,” the yields of contiguous plots will tend to 
be of the same order and therefore a high correlation will be obtained. 

In applying the formula ^ suggested by Harris the plots were first 
grouped in a 2x2-fold manner. 


^HAltErS,. J. A. ON A CRITERION OP SUBSTRATUM HOMOGENEm (OR HETEROGENEITY) IN 
FIELD EXPERIMENTS. Aiuer. Nat. 49 : 430-454. Ulus. 1915. 

--- 

when & indicates summation, p the yield of the ultimate plots, Cp the yield of the com¬ 
bination plots grouped in a certain manner, n the number of ultimate plots in each com¬ 
bination plot, m the number of copibination plots, p the ayerage yield of the ultimate 
plots, and o-P their standard deviation. 
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For example, plots 1, 2, 51, and 52 were grouped together, and 3, 4, 
53, and 54 were grouped together, and the other plots were grouped 
in a similar way, with the following exceptions: Plots 45, 95, 245, 
and 295 were placed in one group and 109, 159, 111, and 161 in an¬ 
other group. The first exception was made to take care of the last 
pair of plots in the first and third double series, respectively. The 
reason for the other exception is explained below. 

Plots 211 to 214, and 261 to 264, inclusive, were eliminated from 
this study because of the fact that a few years ago a straw stack had^ 
stood on "or in the vicinity of plot 263, which undoubtedly accounts 
for the relatively high yields on plots 261 to 264, inclusive. Plots 
110 and 160 were eliminated because in the rotation experiments 
they were to be used for a continuous cropping study and were not 
to be replicated. 

The plots were also grouped in a SX^-fold manner—for example, 
plots 1, 2, 3 were grouped together, and plots 51, 52, and 53 were 
grouped together, etc.—and the coefficients of correlation were cal¬ 
culated. The irregularity in the 3X2-fold grouping occurred with 
plots 144, 145, 194, 195, 245, and 295, which were grouped together. 
In addition to the plots already mentioned, plots 210 and 260 also 
were eliminated from consideration in the 3X2~fold groups. 

After calculating the two coefficients of correlations for yields of 
contiguous plots in the manner mentioned above, a third correlation 
coefficient was calculated by means of the formula suggested by 
Harris for the yields of replicated plots. The plots were placed in 
groups of fours made up according to the replications which it was 
proposed to use in the rotation experiments. (See fig. 1.) For 
example, plots 1, 51, 111, and 161 were placed in one group, plots 2, 
52, 112, and 162 w’^ere placed in another group, and similarly each 
pair of plots (end to end) was grouped with its proposed replicate 
in the rotation experiments. 

In addition to testing for soil uniformity by Harris’s method, one 
maj^ obtain a measure of uniformity by correlating in the usual way 
the yields of contiguous plots. This was done for the yields of the 
p^pts under consideration. First a correlation table was prepared 
correlating the yields of plot 1 with 2, 2 with 3, 3 with 4, and pro¬ 
ceeding in this way to the end of the series (plot 45) and then 
beginning at plot 51 and correlating it with 52, 52 with 53, etc. In 
this manner a correlation table was prepared which included all the 
plots except those eliminated, namely, 110, 160, 211, 212, 213, 214, 
261, 262, 263, and 264. 'WTiere the continuity of a plot series was 
broken on account of the elimination of certain plots, the plots imme¬ 
diately above and below the break ” were treated the same as the 
last and fii'st plot, respectively, of a series. In a somewhat similar 
manner a correlation table was prepared, using the yield of each 
plot but once. For example, the yield of plot 1 was correlated with 
the yield of plot 2, plot 3 with 4, plot 5 with 6, etc., proceeding in a 
regular manner from top to bottom of each series, except in the 
cases where plots were eliminated. To distinguish the two correla¬ 
tion coefficients so obtained, the first is designated as “ all contiguous 
plots ” and the second as “ paired contiguous plots.” 

To further test the effectiveness of the proposed manner of 
replication in overcoming soil heterogeneity, still another correlation 
table was prepared in which the vielfi nf --^ 
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with the yield of its replicate. For example, the yield of plot 1 
was correlated with the yield of plot 111, 51 with 161, 2 with 112, 
52 with 162, and so on for the rest of the plots in the rotation experi¬ 
ments. The correlation coefficient so; obtained is designated as 
“ paired replicated plots.” 

The correlation coefficients obtained by Harris’s method, together 
with those calculated in the usual manner, are given in Table 4. The 
coefficients obtained by the two methods agree, in that they show a 
rather marked soil heterogeneity for the experimental field under 
obspvation. Also, the particular manner of replication was helpful 
in overcoming the objectionable effect of soil heterogeneity. 


Table 4. —Coefficients of correlation between fields of oat hay grown on certain 
plots at Maggie, TF. Va.,in 1923 


Method of calculation 

n 


Harris’s 2X2-fold contiguous..... 

260 

-l-0.631=b0.025 
• 542i . 030 

Harris’s 2X3-fold contiguous......... 

258 

Harris’s 2X2-fold replicated. 

260 

-1- .134=fc *041 

Ordinary "all contiguous plots”.-..... 

250 

+ .668± .024 

Ordinary "paired contiguous plots”..... 

130 

+ .694± .031 

Ordinary "paired replicated plots”....... 

130 

- .068-1- .059 



The correlation coefficient obtained by applying Harris’s formula 
to the yields of contiguous plots, are, for the 2X2-fold group¬ 
ing +0.631±0.025, and for the-2X3“fold grouping 4-0*542±0.030; 
the difference between the coefficients is 0.089±0.039, a difference 
which is only slightly more than two times its probable error. (All 
probable error s of diff erences were calculated by the approximate 
formula Z>e=V<3^i+^^2-) When Harris’s formula is applied to rep¬ 
licated plots grouped in a 2X2-fold manner, a correlation coeffi¬ 
cient of -l-0.134±0.041 is obtained which is significantly less than 
either of the coefficients obtained by grouping contiguous plots. This 
constant is approximately 3.3 times its probable error, and shows 
that there is only a slight correlation between the yields of replicated 
plots. 

The correlation coefficient obtained by the ordinary method for 
“all contiguous plots” is -f0.668±0.024, and for “paired contigu¬ 
ous plots” +9.694±0.031. These coefficients do not differ signifi¬ 
cantly from one another, and neither does either of them differ sig¬ 
nificantly from the coefficient obtained by Harris’s formula applied 
to the yields of contiguous plots grouped in a 2X2-fold manner. 
The correlation coefficient obtained by the ordinary method for 
“paired replicated plots” is —0.068±0.059. The difference between 
this coefficient and the one obtained for replicated plots by Harris’s 
method is 0.202±0.072, a difference which although it is consider¬ 
able, is slightly less than three times its probable error. 

PLOT UNIFOKMITY AS SHOWN BY YIELDS OF WHEAT 

The yields of wheat in bushels per acre based on the five rod 
rows removed from each plot are given in Table 5. As in the 
case of oat hay, the yields of wheat are expressed as deviations from 
the mean yield of all the plots. The yield of any particular plot 
is easily ascertained by adding or substracting (as the case may 
be) the deviation from the mean yield (15.6 bushels). 
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Table 5. —Yield of reheat in lusheU per acre per plot, expressed as deviations 
from the mean yield of all the plots in the crop-rotation experiments^ at Mag¬ 
gie, Tr. Va. Yield hased on the average production of five rod rows removed 
from each plot at harvest in 192^ 


Plot 

Dev. 

Dev. 

Plot 

Plot 

Dev. 

Dev. 

Plot 

Plot 

Dev. 

Dev. 

Plot 

1 

-0.5 

+1.4 

51 

101 

+2.9 

-1.0 

151 

201 

-6.2 

-40 

251 

2 

-6.0 

+1.7 

52 

102 

+0.2 

-6.0 

152 

202 

-6.6 

-4.7 

252 

3 

-0.6 

-0.3 

53 

103 

-4.1 

-5.0 

153 

203 

-6.7 

-4.6 

253 

4 

-3.1 

-2.4 

54 

104 

-7.0 

-5.3 

154 

204 

-7.8 

-1.2 

254 

5 

-1.3 

-5.0 

55 

105 

-1.3 

-2.5 

155 

205 

-7.7 

-2.0 

355 

6 

+1.7 

-3.8 

66 

106 

-1.4 

+0.4 

156 

206 

-3.9 

-4.t 

256 

7 

-0.1 

+1.8 

57 

107 

+6.4 

-0.5 

157 

207 

-5.6 

-4 2 

257 

8 

-2.2 

+1.6 

58 

108 

-2.0 

-3.3 

158 

208 

-1.2 

-3.4 

258 

9 

+3.5 

+3.5 

59 

109 

-2.9 

-5.2 

159 

209 

-41 

-3.0 

259 

10 

+3.5 

+2.7 

60 

no 

-5.8 

-40 

160 

210 

-4.3 

-0.9 

260 

11 

-4.9 

-2.1 

61 

111 

-0.6 

-3.3 

161 

211 

-47 

+5.0 

261 

12 

+0.7 

-3.7 

62 

112 

-2.4 

-0.8 

162 

212 

-1.3 

+14.1 

262 

13 

+0.9 

-1.4 

63 

113 

-1.2 

+0.1 

163 

213 

+0.7 

+15.0 

263 

14 

+1.0 

+0.4 

64 

114 

-6.3 

-1.6 

164 

214 

+2.0 

+5.7 

264 

15 

+4.0 

+3.1 

65 

115 

-0.8 

+1.0 

165 

215 

+0.1 

+1.1 

265 

16 

+2.8 

+2.3 

66 

116 

-1.6 

-1.3 

166 

216 

-3.6 

-0.7 

266 

17 

+0.4 

+0.2 

67 

117 

+2.2 

-0.6 

167 

217 

-1.0 

+].7 

267 

18 

+0.6 

-1.0 

68 

118 

-0.3 

-3.4 

168 

218 

+0.7 

-1.2 

268 

19 

-4.8 

-2.3 

69 

119 

+1.8 

+4 9 

169 

219 

+0.5 

-0.7 

269 

20 

—4.7 

-4.9 

70 

120 

+1.2 

-0.9 

170 

220 

-2.7 

+1.9 

270 

21 

-5.2 

-4.4 

71 

121 

+2.7 

+4.7 

171 

221 

-0.3 

+3.0 

271 

22 i 

-2,1 

-3.9 

72 

122 

-1.9 

+4.0 

172 

222 

+3.6 

+2.1 

272 

23 ; 

+2.6 

-5.4 

73 

123 

-0.8 

-0.1 

173 

223 

-2.9 

-0.9 

273 

24 i 

-r3.5 

-5.9 

74 

124 

+5.2 

+3.7 

174 

224 

+48 

+2.3 

274 

25 : 

-2.0 

-4.2 

75 

125 

-1.0 

+2.6 

175 

225 

-1.0 

+5.5 

275 

26 i 

-0,8 : 

+0.5 

76 

126 

+3.5 

+2.2 

176 

226 

+3.8 

+2.4 

276 

27 

+1.9 

-1.9 

77 

127 

-1.0 

+0.6 

177 

227 

+1.0 

-2.7 

277 

28 

+1.2 

+1.5 

78 

128 

+0.1 

-5.9 

178 

228 1 

-1.7 

-0.5 1 

278 

29 ! 

+4.1 

-2.9 

79 

129 

+0.8 

-2.2 

179 

229 

-1.9 

-4.0 

279 

30 : 

+1.7 

-3.8 

80 

130 

-1.2 

+2.4 

180 

230 

-49 

+1.3 

280 

31 

+11.1 

+3.0 

81 

131 

+1.7 

+0.5 

181 

231 

-1.7 

+0.2 

281 

32 

+10.9 

+6.4 

82 

132 

+2.9 

+1.6 

182 

232 

-3.0 

-0.4 

282 

33 

+10.5 

+1.6 

83 

133 

-0.7 

+1.0 

183 

233 

+2.5 

+1.3 

283 

34 

+6.0 

+5. 5 

84 

134 

+0.9 

+2,4 

184 

234 

+0.5 

+0.1 

284 

35 i 

+5.2 

+4.2 : 

85 

135 

+1.4 

+0.9 

185 

235 

-1.2 

+5.1 

285 

36 

+1.6 

+4.7 

86 

136 

+6.1 

+41 

186 

236 

+41 

+5.3 

286 

37 i 

-2.4 

+0.3 

87 

137 

+2.8 

+9.9 1 

187 

237 

-2.4 

+0.7 

287 

38 

-5.7 

+0.9 

88 

138 

+8.4 

+16.0 

188 

238 

-2.3 

-0.2 

288 

39 

-0.9 

+1.9 

89 

139 

+47 

+12.6 s 

189 

239 1 

+0.9 

+3.0 

289 

40 : 

-0.2 

-1.4 

90 

140 

+&8 

+7.9 1 

190 

240 ; 

-1.3 

+3.2 

290 

41 i 

+0.5 

-5.1 

91 

141 

+5.3 

+1.9 

191 

241 1 

-2,7 

-3.3 

291 

42 

-0,8 

-0.3 

92 

142 

+1.9 i 

+0.9 

192 

242 

-1.4 

+43 

292 

43 

-0.7 

-a? 

93 

143 

-45 1 

+1.6 

193 

243 

-3.2 

-ae ! 

293 

44 

-4.0 

-2.1 

94 

144 

-5.1 

-3.6 

194 

244 

+0.4 

-0.4 i 

294 

45 

-a 4 

-5,1 

95 

145 

-ao 

-1.7 

195 

245 

-2.9 

-2.8 1 

295 


Mean=:l5.6 bushels. 


Correlation coefficients were calculated for the yields of wheat 
in exactly the same manner as for oat hay. The data are presented 
in Table 6, 


Tabl® 6 .—Coefficients of correlation between yields of wheat grown on certain 
plots at Maggie, W. Fa., in 1924 


Method of calculation 

71 

r 

Hsuris’s 2X2-fold eontiguous--....... 

260 

258 

260 

250 

130 

130 

+0.566dbO.Q28 

+.516d:0.031 

+.246±O.039 

+.663±0.030 

+.617=fca037 

+.037+0.069 

Harrises2X3-foldoonti^ous-____ _ ... 

Harris’s 2X2'fold replicated.. 

Ordinary “all eontiguoim plots”--.... 

Ordinary “paired contigumis plots”. 

Ordinary “paired replicated iwots”.! 
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As in the case of the yields of bat hay, the coefficients of correla¬ 
tions based on the yields of wheat grain show that the experimental 
field was heterogeneous, and that the particular manner of plot 
replication was helpful in overcoming the objectionable effect of 
soil heterogeneity. 

The correlation coefficients in Table 6 obtained by applying Har¬ 
ris’s formula to the yields of contiguous plots are, for the 2 X 2 - 
fold grouping, +0-565dzO.028; and, for the 2X3-fold grouping, 
+0.516dz0.031. The difference between the two coefficients is small 
and not significant. When the same formula is applied to repli¬ 
cated plots grouped in a 2 X 2-fold manner, the coefficient of correla¬ 
tion obtained is +0.246ih0.039, or about one-half the magnitude 
of the coefficients based on contiguous plots. This coefficient is ap¬ 
proximately six times its probable error and therefore statistically 
significant. However, the coefficient is low and shows that the 
correlation between the yields of replicated plots is not marked. 

The correlation coefficient obtained by the ordinary method for 
“all contiguous plots” is +0.553 ±; 0.030, that for the “ paired con¬ 
tiguous plots” is +0.617d= 0.037, and tlaat for “paired replicated 
plots” -f0.037dr0.059. Here, as in the case of yields of oat hay, 
the correlation between the wheat yields of replicated plots is sen¬ 
sibly zero. The difference between the coefficients of yields of re¬ 
plicated plots based on the two methods of calculation is 0.209dr0.071, 
a difference slightly less than three times its probable error. In 
both the yields of oat hay and of wheat grain the correlation coeffi¬ 
cients obtained by the ordinary method of calculation show a some¬ 
what greater dinerence between contiguous and replicated plots 
than do the coefficients calculated by Harris’s formula. 

REGRESSION OF YIELDS IN CONTIGUOUS AND REPLICATED PLOTS 

To obtain a graphic representation of the relationship between 
the yields in contiguous as compared with the yields in replicated 
plots, certain regression equations were calculated, and by means of 
these the regression lines were drawn. The data showing the cor¬ 
relation by the ordinary method of calculation between the yields 
of contiguous plots and between the yields of replicated plots for 
both the oat hay and wheat grain were used. 

Before calculating the regression equations, appropriate tests 
were made to determine linearity. For this purpose the formula 
suggested by Blakeinan for testing the significance of the difference 
between 97 ^ and r ^ was used. The correlation coefficients for “ paired 
continguous plots ” and “ paired replicated plots ” are given in Table 
4 for the yields of oat hay and in Table 6 for the yields of wheat. 
The correlation ratios for the same sets of paired variables are 
given in Table 7. 


«P. P. diff.^2X0,m5f^n V:j2_r2 V(l-» 72 ) 2 -.(i~r 2 ) 2 -{-i. 

7 Blaxeman, J. on tests fob lineabity of begbession in fbeouency wstbibutions. Biometrika 
4:332-360. J905. 
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Table T. —Correlation ratios and the siffnificance of the differences detween the 
7 )^ arid values for the yields of “ paired contiguous plots " and the yields of 
paired replicated plots"' at Maggie, TF. Ta. 



1 ^ 

j Crop 

1 1 

; n 1 

:■ j 

rtvx 

r2/P,E. 

“Paired contiguous plots”. 

. ! Oat hay,.. 

130 i 

0.729±0,028 ! 

1.9 

“Paired replicated plots”.. 

—.i—do. 

.1 130 ! 

. 373± . 051 

3.6 

“Paired contiguous plots”. 

“ Paired replicated plots”.. 

.. 1 Wheat_ 

; 130 i 

. 654d= . 034 

1.9 

....do,,. 

.1 130 1 

.206± .057 

1.8 


The correlation ratios based on the yields of oat hay are 0.729±: 
0.028 for the ^‘paired contiguous plots” and 0.3T8dz0.051 for the 
** paired replicated plots whereas the correlation ratios based on 
the yields of wheat grain are 0.654it:0.034 for the ^"paired contig¬ 
uous plots ” and 0.206dz0.057 for the paired rej>licated plots.” 
In all cases except one, the difference between r/ - and - 
is not significant, as may be seen from the last column of 
Table 7. The exception is in the case of the paired 
replicated plots ” of oat hay. The question naturally arises 
whether the correlation ratio obtained here is of significance, or is 
due to accidental fluctuations. It is well known that relatively low 
values of rj are quite likely to be too high, and consequently for 
j^aired variables which show little or no correlation the statistical 
value of rj is questionable. 

In Table 8 are the data from which the /* and r/ values for the 
yields of oat hay in the paired replicated plots ” were calculated. 
This table shows several paired variables which are considerably 
removed from the main field of the distribution. It is possible that 
some of these outlying variables are accidental fluctuations and, 
as such, increase the magnitude of the correlation ratio. 

Table S. —Correlation hefween yields of oat hay produced in 1923 on replicated 
plots of the rotation series at Maggie, TV. T'cr. 


DeTiatfon in pounds per acre of air-dry hay 
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1 
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Deviation in pounds per 
acre of air-dry hay: 
-550. 
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r=: ~0.068dt0.059. 
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In calculating the correlation ratio for the dependence of y on cb 
in Table 8, it was found that a single paired variable contributed 
almost one-fourth of the total value obtained in the Naiiyx—'^Y 
column._ The value for %Nx{f^—yy was 150.8398, whereas the value 
for Nx{yx.—yy of the first y-array was 37.1161. Here is fairly good 
evidence that 1 of the 130 paired variables has contributed a dispro¬ 
portionate weight in determining the magnitude of the correlation 
ratio; and, moreover, it is quite possible that this outlying paired 
variable is accidental. 

If the four outermost paired variables are eliminated, as is indi- 
cated'by (e) in Table 8, the r and values become —0.075±0.060 and 
0.331±0.053, respectively. The difference between their squares is 
0.104+0.035, or 2.97 times its probable error. From this it follows 
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2.-—Regression lines for the yields of “paired contiguous plots" and of 
paired replicated plots " in the rotation -esperiments at Maggie, W. Va. 


that the odds are 1 to 22 that regression is linear. Although the 
odds in this case are rather high against the probability that regres¬ 
sion is linear, it is certainly significant that by eliminating 4 of the 
130 paired variables the odds are lowered from 65 to 1 to 22 to 1. 
In view of the above, a regression line for the yields of the “ paired 
replicated plots ” of oat hay was calculated and plotted, on the as¬ 
sumption that regression was linear. 

The regression lines and their respective equations are sliown in 
Figure 2. The effectiveness of replication in equalizing yield differ¬ 
ences between plots due to soil heterogeneity is strikingly brought out. 
The regression lines for the yields of “ paired replicated plots ’’ are 
almost horizontal and show little or no correlation, whereas the 
regression lines for the yields of “ paired contiguous plots ” meet a 
horizontal at a marked angle and therefore show considerable cor¬ 
relation. 








Aug. 1, 1928 


A Study of Soil Heterogeneity in Experiment Plots 267 


THE EELATION BETWEEN YIELDS OF OAT HAY AND WHEAT 

GRAIN 

Harris® lias i)ointed out that differences between the yielding- 
capacity of j)lots in a particular experimental field may persist for a 
period "of years. In other words, there is a correlation between the 
yields of plots in successive years. Table 9 was prepared in order to 
determine whether there was such a relationship between the yields 
of oat hay based on the net areas of the plots and wheat grain based 
on the "rod-row samples. The correlation coefficient obtained 
(-|-0.364±0.036) indicates that there is a significant correlation be¬ 
tween the yield of oat hay in 1923 and the yield of wheat grain in 
1924. Apparently there was less correlation between the yields of 
oat hay and wheat grain on the same j)lots in the two successive yeafs 
the experiment was carried on than there was between yields of con¬ 
tiguous plots in either of the two years. This undoubtedly was due 
to seasonal influence and the fact that one-year yields were expressed 
in terms of oat hay and the other year in terms of wheat grain. 

Table 9. —Correlation of yield of wheat grain in i9B4 with yield of oat hay in 
1923 at Maggie, W. Fa. 



1 -0.364±0.036. 


Certain other correlation coefficients showing the relationship be¬ 
tween yields of oat hay and wheat were also calculated. The coeffi¬ 
cients obtained for the yield of oat hay and each of the following 
wheat yields—calculated grain on the entire plot, grain plus straw 
based oii rod-row samples, and grain plus straw determined from the 
entire plot—were -f0.035±0.035, +0.385+0.035, and +0.394+0.035, 
respectively. The magnitudes of these coefficients of correlation, 
and of the one mentioned in the preceeding paragraph as well, are 
practically of the same order and do not difer significantly from one 
another. 


® Haeeis, J. a., and Scofield, C. S. permanence op differences in tse plots of an 
EXPERIMENTAL FIELD. Jour. AgT. Resaarcti 20: 335-356. 1920. 








































268 


Jow'nat of Agricultw'al Research 


Vol. 33. No. 3 


SUMMARY AND CONCLUSIONS 

An experimental field at Maggie, W. Va., containing 270 plots, 
each with a gross area (68X^1 feet) of approximately of an 
acre, was studied to determine tlie degree of soil heterogeneity that 
existed. As a basis for this study the yield of oat hay in 1923 and 
wheat grain in 1924 was used. 

The yield of air-dry oat hay was determined by weighing the 
production of the entire net area (61X14: feet, or -gh: of an acre) of 
each plot. The yield of wheat in bushels per acre, and the weight of 
the straw plus grain, were determined from five rod rows removed 
from certain places in each plot. The air-dry weight of the total 
g^’ain i>lus straw produced on the net areas of each plot was also 
determined. 

The five rod rows of wheat showed a high correlation 
(-j-0.951±;0.{)04) between the w^eight of the grain and the weight 
of straw j)lus grain. A high correlation (-f-0.841±0.012) was also 
found between the weight of the grain plus straw on the entire net 
area of each plot and the weight of the grain produced by rod-row 
sample removed from each plot. It was considered that yield based 
on a sample of five rod road removed from a plot in the manner 
described constituted a fairly trustworthy index as to the yield of 
that plot. 

A marked correlation was found between the yields of oat hay in 
contiguous plots, both when calculated in the usual way and when 
calculated by the formula suggested by Harris. The coefficients of 
correlation ranged from +0.r>42di0.03() to -|~0.694±().031. The co¬ 
efficients of correlation between vields of replicated plots were 
-|-0.134±:().041 and -0.068±0.05D.‘ 

As in the case of oat hay, the wheat grain showed a marked corre¬ 
lation between the yields of contiguous ifiots (/*=-l“0.516±:0.031 to 
r=-j-0.6l7±: 0.037) and slight correlation between the yields of 
replicated plots (r=:-|-0*24:6±:0.039 and r=+0.037±;0.059). 

In the case of oat hay and of wheat grain there was somewhat 
less difference between the coefficients of correlation for contiguous 
plots and replicated plots when calculated by Harris’s formula 
than when calculated in the ordinary way. The correlation coeffi¬ 
cients for the yields of replicated plots by the ordinary method of 
calculation were sensibly zero. 

It is concluded that the particular experimental field under ob¬ 
servation is not naturally imiforin with respect to prodiictivitj^ 
Plot replication is effective in equalizing yield differences due to 
soil heterogeneity, and thus helps to overcome vitiating “place 
effect ” in field experiments such as the one contemplated here. 

There was some tendency for the plots which produced relatively 
high yields of oat hay in 1923 to produce relatively high yields of 
wheat grain in 1924. The correlation coefficient between the plot 
yields of these two successive years was -j-0.364±0.036. 



A FORMULA FOR ESTIMATING SURFACE AREA OP DAIRY 

CATTLE ^ 

Ebwin C. Elting^ 

Department of Dairy Husbandry^ University of Missouri 

INTRODUCTION 

It has long been accepted as a fact that heat production in the 
animal body is due to the oxidation processes within the body, and 
hence is an accurate measure of the rate of metabolism. In order to 
utilize this standard in research, it becomes necessary to devise a 
satisfactory method for comparing the heat production of animals of 
different sizes. 

Very early in nutritional investigations it became apparent that 
that the heat production of an animal as not proportional to its live 
weight. In 1848 Bergmann {3) ^ ^ attempted to explain the relatively 
higher heat production of smaller animals per unit of weight by the 
generalization that the heat production of the animal body is pro¬ 
portional to its surface area. This idea found wide application and 
was given strong support by many investigators. 

Regnault and Reiset (f 0, p. 51Jf) ® in their studies of the respiratory 
exchange of different species under diverse conditions, determined that 
the oxygen consumption of animals is not proportional to their 
weight. Obviously the heat production would have a similar ratio 
per unit of weight, which they explained as being due to the fact that 
small animals expose a relatively greater surface area to the cooling 
effecjt of the atmosphere and consequently require a greater heat 
production to maintain their body temperature. Some years later 
Rubner ® proved that their explanation was faulty, although their 
general statement of facts was correct. 

Thus far the idea of the relation between heat production and 
surface a«’ea had been entirely theoretical, since no actual measure¬ 
ments of the surface area of living subjects were available. In 
1879 Meeh {S) published the actual measurements of the surface area 
of living subjects, the results of his own painstaking work, which 
included the measurements of 6 adults and 10 children. 

From his measurements Meeh developed a formula by which the 
surface area of any individual could be determined. This fomiula 


1 Received for publication Dec. 26,1925; issued August, 1926. 

3 The writer wishes to express his appreciation to A. C. Ragsdale, Professor of Dairy Husbandry, and to 
Samuel Brody, Assistant Professor of Dairy Chemistry, University of Missouri, for aid in outlining the 
problem and for helpful suggestions in interpreting and summarizing data and in the preparation of the 
manuscript. The major credit for developing the idea and details of the revolving metal cylinder of the 
measuring instrument, is due Samuel Brody. In this he was assisted by the writer. A. C, Ragsdale, C. W. 
W. Turner, and Chester Sparrow (an engineering student) all had a part in developing the plan and in 
perfecting this new method of measuring the surface area of animals. All experimental data were taken by 
the author and have been presented by him in a thesis submitted at the University of Missouri in partial 
fulfillment of the requirements for the degree of master of arts, 

3 Reference is made by number (italic) to “Literature cited”, p. 278. 

4 Cited by Benedict (f), 
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was based on the fundamental mathematical law that the surface 
areas of similar solids are proportional to the two-thirds power of 
their volumes. 

Assuming that the specific gravity was the same in each case, he 
substituted weight for volume so that his formula is expressed in the 
following form: 

S=KW % 

in which S is the surface area in square centimeters, W the weight in 
kilograms, and if a constant (12.312 for adults and 11.9 for children). 
. In 1883 Rubner {11) measured the surface area of a number of 
dogs, varying greatly in weight, and also determined their heat pro¬ 
duction imder comparable conditions. He found the body heat 

g reduction to be quite constant per square meter of the body surface, 
lit varying greatly per kilogram of body weight. A few years later, 
observations by Voit {13) indicated that this law is applicable over 
a wide range in the animal kingdom. He determined the heat pro¬ 
duction of subjects varying in size from a mature horse to a mouse 
and found the heat production per meter of body surface to be quite 
constant in all cases. 

In 1916 D. Du Bois and E. F. Du Bois (4) measured the surface 
area of a number of human subjects, and from their measurements 
they developed a formula for estimating the surface area of humans 
based on the weight and height of the individual. 

In general, investigators both in human physiology and pathology 
and in animal production have accepted the practice of calculating 
heat production per unit of surface area, and consequently surface- 
area is the most common unit of reference in estimating basal 
metabolism. 

Benedict (^, p. /;?9) and his coworkers have challenged this practice 
of calculating heat production per unit of body surface. They main¬ 
tain that the heat production depends upon the actual mass of proto¬ 
plasmic tissue within the body and not upon the cooling on the body 
surface. They have published an extensive series of prediction tables 
for determining heat production based on weight, height, sex, and 
age, but involving no assumption concerning derivation of surface 
area. 

Extensive comparisons of the Benedict standard and the body- 
surface standard of Du Bois, show that the results obtained are al¬ 
most parallel. More recently Benedict {2, p, 159) stated: “We 
believe that the accurate measurements of body-surface made pos¬ 
sible by Du Bois may legitimately be used in a manner heretofore 
never practicable in metabolism experiments, provided that they are 
considered as physical measurements and with no erroneous concep¬ 
tions as to the existence of a causal relationship between surface area 
and heat production.” 

Assuming that the surface area of the body is an accurate standard 
for estimating the metabolism, the investigator meets with difldculty 
because it has been impossible to calculate the surface area of animals 
with any degree of accuracy. 

Earlier investigators have accepted the Meeh formula as applying 
to all types of animals, but the correct constants have been worked 
out in only a few instances, and also later investigations proved that 
in many instances this formula gave very erroneous results. 
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Trowbridge, Moulton, and Haigh {12) published a number of meas¬ 
urements of the surface area of cattle and calculated the constant 
for the Meeh formula. The constants varied from 7.319 to 10.74, 
depending on the age and the degree of fatness of the animals. 

In 1916 Moulton {9) developed two formulas for estimating surface 
area of cattle, based on warm empty weight, but using a different 
exponent than the one used by Meeh. His formula for fat cattle is: 

^=0.15SW^ 

and for other animals: 

^ =0.1186 

in which A is the surface area in square meters, and F is the empty 
weight in kilograms. 

Hogan and Skouby (6*) considered the work of Trowbridge, Moul¬ 
ton, and Haigh, and that of Moulton, as proof that the surface area 
of cattle could not be accurately calculated as a power function of 
weight, and they developed a formula for estimating surface area of 
cattle and swine, patterned after the height-weight formula of Du 
Bois (4), in which both weight and body length are factors. Their 
formula is: 

/S = F.^Xi.^X K 

in which S is surface area in square centimeters, F the live weight in 
kilograms, L the length of the body in centimeters, and K a constant 
(217 for cattle and 175 for swine). 

The purpose of the work set forth in this paper was to actually 
measure the surface area of normal dairy cows, and to develop a 
simple formula for estimating the surface area of dairy cattle. 

MEASUREMENT OF SURFACE AREA 

It was rather difficult to find a satisfactory method for measuring 
the surface area of hving animals with a fair degree of accuracy. 
The method finally used consisted in rolling a revolving metal cylinder 
of Imown area, attached to a revolution counter, over the entue 
surface of the animal, and then simply multiplying the number of 
revolutions of the roller by the area of the roller. This gave an 
approximately accurate surface-area measurement with a very small 
amount of computation, and the measuring instrument was not 
difficult to use. 

The technique involved in taking surface area was simple. In most 
cases, only half of the body smface the right side of the animal was 
actually measured, and the results were multiplied by two. First, 
the dorsal and ventral median lines were marked with colored crayon. 
Then, starting at the base of the horn, the roller was passed along the 
dorsal median line to the posterior mid line. Lower down on the 
side of the animal, measurement was from the outline of the jawbone 
to the posterior mid line. The roller was equipped with a crayon 
marker which plainly marked the path of the roller. Then, by keep¬ 
ing the outer edge of the roller along the mark made the previous 
trip, the entire surface was covered. The only region which was 
difficult to measure accurately was around the udder and inside of 
the hind leg, but with a little extra care this was accomplished very 
satfefactorily. The legs were measured by moving the roUer spirally 
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down them. The head and ears w^ere nieasm*ed last. The area of 
the tail was not measured wdth the roller, but it was estimated by 
multiplying the length, a figm’e representing the average of the diame¬ 
ters at the root and at the base of the switch. 

Figures 1 and 2 are illustrations of the measuring apparatus. 
is the brass roller. This roller is 2 inches long and 2 inches in 
diameter. Eepeated trials with rollers of different lengths and 
diameters established this one as most satisfactory. A smaller roller 
did not turn uniformly, and a larger one was inconvenient in measur¬ 
ing around the flank, udder, armpit, etc. B is the milled rim of a 
disk which served as a marker. C is the dial of the revolution 
counter. D is the handle. jE is a metal tube containing a fee 
spring ■which holds the crayon against the milled rim of the marking 



SURFACE Integrator 

Fig. 1. —Instrument used for measuring surface area of animal. A, brass cylinder; B, milled rim of disk 
which makes a chalk line; C, revolution counter; D, handle; E, metal tube containing spring; F, chalk 
crayon. (Drawing from photograph) 


disk. F is the crayon. The milled rim made a fine but distinct 
chalk line on the animal. Figure 3 is a photograph of the measuring 
operation. 

An effort was made to determine the quantitative error in the 
measured area as compared to the actual surface. 

Two animals—cow 129 and heifer 27—^were slaughtered. Both 
animals were measured with the roller on the morning before they 
were slaughtered. After they were slaughtered, the outlines of the 
hides were traced on paper and the areas of the tracings were meas¬ 
ured, The results obtained are as follo'ws: 

Cow 129 


Body area of live cow__ 42,635 sq. cm. 

Area of hide__42,883 sq. cm. 

Difference___- + 248 sq. cm. 

Per cent difference (based on area of hide)_ +0.58 per cent 
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Heifer ^7 

Bod\’ area of live heifer_ 14,821 sq. cm. 

Area of txide_ 14,701 sq. cm. 

Difference_ —120 sq. cm. 

Per cent difference (based on area of hide)_ —0.82 per cent 


The two methods gave approximately the same results. 

DESCRIPTION OF ANIMALS USED 

The data presented in this paper were all taken on Holstein and 
Jersey animals. Practically every animal of these two breeds in the 
University of Missouri dairy herd have been measured, and in some 
cases, in order to obtain more data, certain young animals were 
measui'ed two or more times at different ages. The data include 



Fig. 2.—Photograph of instrument for measuring surface area of animal 

measurements of animals varying in age from a few hours to 10 years, 
and in weight from 17.6 to 653 kilograms. The animals represent 
many variations in degyee of fleshing, body conformation, and stages 
of lactation and gestation. 

LIVE WEIGHT OF ANIMALS 

In all cases the weight of the animal was taken immediately before 
the sm’face area was measured. No attempt was made to withhold 
either feed or water before weighing. 

DEVELOPMENT OF FORMULA 

When the live weight was plotted against surface area, as in Figure 4, 
a simple parabolic curve was obtained with all the points falling 
reasonably close to the curve. Such a curve indicated that surface 
area is a direct power function of weight, and hence may be deter¬ 
mined by a simple formula as 

X^Ey- 
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By plotting surface area against weight on logarithmic paper as in 
Figure 4, a straight line was obtained having a slope of 0.56 which 
designated the value of the exponant n in the equation. In general, the 
values for the Holsteins were slightly greater than those for Jerseys 
(fig. 4). In reality, the value 0.57 for Holsteins and of 0.55 for Jerseys 
is more nearly exact than the average figure 0.56, but a few trial 
calculations indicated that the slight increase in accxmacy of results 
obtained by using a different exponent in the formula for the different 
breeds was not suflBlcient to justify the use of two separate formulae. 
«= Kriowing the live weight and the surface area of the animals and the 
value of n, it remained to solve for K in the formula. By choosing 
values that fell on the weight-surface area curve, and substituting 
them in the formula, it was possible to solve for K. 



Fig. 3.— 'Measuring the surface area of a cow, with the instrument shown in Figures 1 and 2 

S A=KW-or 


Using logarithms, the equation becomes 

Log S -4 — 0.56 Log Tf=Log K 

The value of K was 1,470. Then the formula in its final form becomes 

.4-1,470 

in which jS -4 is the surface area in square centimeters, W is the live 
weight in kilograms, and 1,470 is a constant. 

Hie values of W for the different animals were substituted in the 
formula, and the equations solved to determine the surface area. 
These computed values for surface area were then compared with the 
observed values. These results are given in Table I. In all but 4 
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cases, or in 96 per cent of all animals measm^ed, the computed value 
was within ±5 per cent of the observed value. The remaining 4 
animals had computed values varying from 5.4 per cent to 6.17 per 
cent above the observed values. The average per cent deviation in all 
animals, regardless of sign, was 1.95. Among the 46 animals having a 





Fig. 4.—Relation between the live weight and the surface area of dairy cows 

computed value greater than the observed value the average per cent of 
deviation was 1.99, and among the 50 animals having a computed 
value lower than the observed value the average per cent of deviation 
was 1.92. 

The area was also computed according to the Meeh formula (8). 
These results are given in Table I in order that they may be compared 
with the values obtained from the new formula. 
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Table 1.— Data used in developing formula and computed values 

JERSEYS 


Surface area 


Herd 
No. of 
animal® 


Age of animal 


Live 

weight, 

kgm. 


Measured 


Computed 


S=1470 iro.se 


S=839TF2/3 


1.. 

10 hours.... 

2. 

2 days. i 

170.. 

3 da vs. 

187. 

16 days__ __ 

189 ».. 

23 days.i 

188 1. 

35 days..i 

189 2., 

38 daj^___ i 

188 2. 

40 daS'S.. 

186 J_ 

44 days.... 

157 1_ 

50daS'’s...- 

157 2_ 

70 days...... 

164. 

80days... __ 

185 1. 

72 days.... 

27. 

3 months.. 

182 1. 

4 months... ... 

181 ». 

5 months... 

186 2. 

6 months. .. 

183. 

6 months. 

185 2. 

6 months.. 

182 2. 

7 months... 

182 2. 

8 months.... 

181 2. 

9 months. 

180. 

12 months. 

ISO_ 

1 year, 4 months.. 

177. 

1 1 year, 7 months. 

176. 

1 year, 7 months.. 

173. 

1 year, 10 months_ _ 

172. 

1 year, ll months. 

171. 

1 year, 11 months... 

170. 

2 years, 1 month. 

166.. 

2 years, 7 months.. 

167. 

2 years, 7 months. 

165 ... . 

2 years, 8 months_ 

164_ 

2 years, 11 months.. 

157_ 

4 years, 1 month. 

156.. 

4 years, 1 month. 

154. 

4 years, 10 months_ ... 

151. 

5 years, 3 months... 

129_ 

7 years...... 

126. 

7 years, 4 months.. 

127. 

7 years, 7 months... 

120. 

7 years, 10 months. 

121. 

8 years__ 

110. 

8 years, 1 month. 

125. 

8 years, 9 months.. 

108. 

9 years... 



Surface, 
sq. cm. 

Surface, 
sq. cm. 

Error, 
per cent 

Surface, 
sq. cm. 

Error, 
per cent 

17.6 

7,296 

7,375 

1. OS 

5,676 

-22.20 

21.5 

8,433 

8,232 

-2.38 

6,466 

-23.33 

27.0 

9,404 

9,421 

0.18 

7,587 

-19.32 

29.0 

10,076 

9,767 

-3.08 

7,918 

-21.41 

34.0 

10,557 

10,681 

1.17 

8,803 

-16. 61 

34.0 

10,395 

10,681 

2.76 

8,803 

-15. 31 

40.5 

11,368 

11,785 

3.66 

9,893 

-12.97 

41.5 

11,692 

11,980 

2.46 

10,088 

-13.71 

41.0 

11,469 

11,867 

3.47 

9,974 

-13.03 

34.0 

10,443 

10,681 

2.27 

8,803 

-15. 70 

37.0 

10,954 

11,201 

2.25 

9,314 

-14. 97 

50.0 

13,466 

13,267 

-1.47 

11,381 

-15. 48 

46.0 

12,671 

12,505 

-1.31 

10,613 

-16. 24 

61.0 

14,821 

14,839 

0.12 

12,997 

-12.30 

85.0 

17,892 

17,883 

-0.05 

10,223 

-9. 32 

111.0 

21,291 

20,779 

-2.40 

19,373 

-9. 00 

122.0 

21,672 

21,915 

1.12 

20,633 

-4. 79 

161.0 

25,510 

25,614 

0.41 

24, 823 

-2. 69 

145.0 

24,540 

24, leo 

-1.54 

23,150 

-5. 06 

177,0 

27,294 

27,0 If) 

-1.02 

26,359 

-3. 42 

179 

28,817 

27,188 

1.38 

26, 640 

-0. m 

181 

26,970 

27,358 

1.44 

26, 753 

-0.80 

272 

33,423 

34,401 

2.92 

35,209 

5. 34 

336 

37,853 

38,744 

2.35 

40,395 

i 6.71 

324 

38,964 

37.969 

-2.57 

38, 664 

1 -0.77 

336 

38,365 

38,744 

0.98 

40, 537 

i 5.66 

374 

41,051 

41,151 

0.24 

43,536 

1 6.05 

395 

43,094 

42,435 

-1.63 

45,151 

4.77 

359 

41,959 

40,216 

-4.15 

42,364 

0.96 

413 

43,544 

43,512 

-0.07 

45, 512 

4. 51 

374 

40,750 

41,151 

0.98 

43, 536 

6.83 

372 

41,822 

41,027 

-1.90 

43,382 

3.73 

381 

40,609 

41,583 

2.39 

44,078 

8. 54 

338 

37,773 

38,874 

2.91 

40, 696 

7.73 

374 

41,424 

41,151 

-0.65 

43, 536 

5.10 

395 

42,595 I 

42,435 

-0.37 

45,151 

6.00 

463 

48,263 1 

46,401 

-3.85 

50,575 

4. 79 

545 

47,900 

50,858 

6.17 

55,958 

16.82 

442 

42,635 j 

45, 205 

6.02 

48, 684 

14.18 

495 

47,161 

48,179 

2.15 

52,482 

11.28 

444 

44,850 

45,320 

1.02 

48,811 

8.83 

386 

42,135 

41,889 

-0. 58 

44, 463 

5. 52 

442 

43,430 

45,205 

4.08 

48, 665 

12.05 

487 

46,189 

47, 739 

3. 35 

51,913 

12.39 

442 

45,106 

45,205 

0.21 

48, 666 

7,89 

410 

41,112 

43,334 

5.40 

46, 287 

12.58 


Superior numbers indicate animals measured more than one time. 
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Table 1. —Data used m developing formula and computed values —Continued 

HOLSTEINS 


Herd 

No. of I Age of animal 

animal ; 


552.. . 

274.. . 
554-- 
553-- 

550— 

551- .. 

549.. . 

548.. . 

545.. . 

546.. . 

547.. . 

5441.. 
544 

543.. . 

541.. . 
540— 
53T 
534— 

535.. . 

5372.. 
5:36... 

533.. 

538.. . 

532.. 

531.. 

530.. 
527- 

526.. 

525.. 

521.. 

518.. 

517.. 
515- 
512-- 
510- 
£09- 

508.. 
507- 
503-. 


290.. 

292.. 

285.. 

281.. 

251.. 

279.. 

274.. 
275- 

266.. 
254.. 


1 day_ 

3 days. 

7 days.. 

9 days. 

7 weeks. 

3 months.. 

3 J 2 months... 

4 months.. 

41 ^ months_ 

5 months.. 

6 months.. 

7 months. 

7^ months. 

8 months.. 

10 months.... 

1 year. 

1 year, 2 months... 
1 year, 4 months... 
1 year, 4 months... 
1 year, 5 months... 
1 year, 6 months... 

I 1 year, 6 months... 
1 year, 6 months.., 
1 year, 7 months... 
1 year, 8 months... 
1 year, 8 months... 

1 year, 10 months. . 

2 years, 2 months .. 

2 years, 5 months. . 

. 2 years, 11 months. 

1 3 years, 1 month.. . 

3 years, 9 months.. 

: 4 years. 

1 4 years, 2 months— 

■ 4 years, 3 months— 

; 4 years, 3 months.- 
j 4 years, 5 months 

4 years, 6 months— 

,1 5 years. 

.1 6 years. 

6 years. 

; 6 years. 

.! 6 years, 2 months.- 

6 years, 7 months.- 
J 6 years, 8 months-- 

7 years, 4 months.. 
.1 7 years, 5 months-- 
■! 7 years, 5 months. . 

8 years, 5 months. . 

.1 10 years. 


1 

Live 

weight, 

kgm. 

Surface area 

Measured 

Computed 

Surface, 
sq. cm. 

S=1470 


Sm-face, 
sq. cm. 

Error, 
per cent 

Surface, 
sq. cm. 

, Error, 
per cent 

47.5 

12,847 

12,907 

0. 46 

11,017 

-14.24 

53.5 

13,982 

13, 782 

-1. 43 

11,910 

-14. 81 

41.0 

11,600 

11,867 

2.30 

9,974 

-14. 01 

44.5 

12,573 

12,411 

-1.28 

10,517 

-16.35 

75.0 

16,466 

16,667 

1.22 

14,922 

-9.37 

84.0 

18,660 

17,764 

-4.80 

16,087 

-13. 78 

120.0 

22,376 

21,611 

-3. 42 

20,406 

-8.80 

125.0 

21,817 

22,210 

1.80 

20,847 

-4.45 

150.0 

24,061 

24, 615 

2.30 

23,668 

-1.63 

154.0 

26,159 

24,981 

-4.60 

24,105 

-7. 85 

156. 0 

25,820 

25,209 

-2.36 

24,306 

-5.86 

202.0 

30,081 

29, 2155 

-2. 81 

28,876 

-4.00 

209.0 

31,041 

29,663 

-4 43 

29,444 

-5.14 

231.0 

32,260 

31,381 

-2. 72 

32,709 

1.39 

254 0 

33,335 

33,102 

-0.69 

33,528 

0.58 

263.0 

33,870 

33,757 

-0.33 

34,315 

1.31 

336.0 

39,691 

38,744 

-2.14 

40,646 

2.66 

327.0 

38,680 

38,157 

-1.36 

39,824 

2.95 

408.0 

44,499 

43,216 

-2.88 

46,136 

3.67 

389.0 

43,194 

42,062 

-2.62 

44,533 

3.09 

469.0 

45,242 

46,728 

3. 28 

50,626 

11.90 

413.0 

45,091 

43,512 

-3. SO 

46,515 

3.15 

406 

42,604 

43,096 

1.16 

45,986 

7.t3 

368 

41,076 

40,778 

-0.72 

43,086 

4.89 

347 

41,200 

39,446 

-4. 25 

41,432 

0.66 

386 

42,495 i 

41,889 

-1.42 

44,481 

4.67 

436 

45,384 

44,859 

-1.15 

48,253 

6.32 

533 

50,841 i 

50,224 

-1. 21 

55,133 

8.44 

553 

51,165 

61,276 

0.22 

56,503 

10.43 

644 

55,925 

55,864 

-0.11 

62,570 

11.88 

531 

50,138 

60,119 

-0.04 

56,017 

9.73 

601 

54,044 

53,733 

-0.58 

59,752 

10.56 

616 

55,937 

54,185 

-3.13 

60,345 

7.88 

508 

51,914 

48,885 

-5.83 

53,395 

2.85 

576 

52,737 

52,465 

-0.52 

58,083 

10.14 

490 

49,805 

47,904 

-3.81 

52,149 

4.70 

478 

48,319 

47,241 

-2. 23 

51,293 

6.15 

574 

52,012 

52,362 

0.67 

67,950 

11.41 

617 

64,334 

54,535 

0.37 

60,809 

11.91 

579 

64,240 

52,620 

-2.98 

58,261 

7.41 

653 

54,818 

56,302 

2.71 

63,151 

15.20 

592 

54,172 

53,281 

-1.64 

59,154 

•9.19 

522 

47,883 

49,640 

3.66 

53,158 

11.01 

526 

50,521 

49,852 

-1.32 

54,672 

8.21 

556 

51,008 

51,432 

0.83 

56,731 

11.21 

576 

52,805 

52,466 

-0.64 

58,083 

10,00 

608 

63,710 

54,085 

0.70 

60,214 

12.11 

520 

51,278 

49,532 

-3.40 

54,254 

5.80 

535 

49,399 

50,331 

1.88 

55,293 

11.93 

617 

54,830 

54,534 

-0.53 

60,810 

10.90 
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DISCUSSION 

A comparison of the computed values by the two formulae shows 
that a much greater range of error was obtained by usii^ the two- 
thirds power of weight than by using the 0.56 power. The former 
gave results which were much too low in very small animals, and 
much too high in large animals, the percentage of error ranging from 
— 23.2 per cent in 2-day-old calf to -{-16.8 per cent in a very fat 
barren cow. It was found that the constant 839 gave the most 
uniform results, but even then the range of error was so great that 
such results are of little value. 

It is hardly fair to compare results obtained by the new formula 
with those obtained by Moulton’s formula (5), inasmuch as his 
formula is based on warm empty weight rather than live weight, A 
few trial computations, substituting Eve weight for W in Moulton’s 
formula, showed that when the five-eighths power of weight is used 
the results again are too low in very small animals and too great in 
large animals, especially in those wmch are rather fat. 

The results obtained by using the 0.56 power of weight were in 
close agreement with the observed values. Of the four animals whose 
computed areas varied more than 5 per cent from the observed areas 
three were abnormal individuals. Cows 129 and 151 were nonbreeders. 
Both were dry and very fat when measured. Cow 108 was a very 
compactly built, short-legged individual, which was dry and quite 
fat when measmed. 

The possibility of introducing a second variable factor into the 
formula was discarded, since it was found possible to determine 
surface area quite accurately as a simple power function of weight. 
A second variable would only complicate the formula without in¬ 
creasing its accuracy, because the probable error in the observed 
value makes it questionable whether results closer than ±5 per cent 
are possible. 

SUMMARY AND CONCLUSIONS 

In normal dairy cattle, surface area has been found to be a direct 
power function of weight. The formula 8A = 1470 in which 8A 

is the surface area in square centimeters, and TF the five weight of 
th§ animal in kilograms, accurately expressed the relationship between 
surface area and live weight. 

Both the two-thirds and the five-eighths powers of the weight 
gave results which were much too low in very small individuals, and 
much too high in large or extremely fat animals. 

The surface areas of 96 dairy cattle were measured. The areas of 
92 animals as computed by the proposed formula were within ±5 
per cent of the observed areas, and the maximum error in the case 
of an extremely fat barren cow was only 6.2 per cent. The introduc¬ 
tion of Hnear measurements into the formula would only complicate 
it without increasing its accuracy. 
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THE CAUSE AND CONTROL OF YELLOW BERRY IN TUR¬ 
KEY WHEAT GROWN UNDER DRY-FARMING CONDI- 
DITIONS.^ 

By J. S. Jones, Chemist^ and G. A. Mitchell, Assistant Agronomist, Oregon 

Experiment Station _ — 

INTRODUCTION ^ 

U^der a cooperative agreement between the Bureau of Plant 
Industry of the United States Department of Agriculture and the 
Oregon Agricultural Experiment Station, a farm of 230 acres at 
Moro, Oreg., has been operated as a dry-land experiment station since 
1911. Located in a region in which "the rainfall is between 12 and 
13 inches, its sole purpose is to solve problems that are peculiar to the 
dry-farmed areas of the Central Columbia River Basin. 

The typical dry-farmed lands in this region are rich in the mineral 
elements of plant food. In composition, their weakness lies in their 
limited amount of native organic matter, which in time must fail to 
yield, in ordinary processes of decomposition, the requisite amount of 
available nitrogen to meet fully the crop requirements in the matter 
of growth. Since climate and rainfall practically limit the cropping 
of the dry-farmed lands to the small grains, no satisfactory means 
are apparent as yet for guarding against ultimate depletion of native 
organic matter and nitrogen. 

TILLAGE EXPERIMENTS 

Early in the development of experiment station work at Moro, a 
series of tillage plots was laid out for the pm*pose of determining what 
might be the effect on the accumulation of soil moisture and grain 
yields of variation in the tillage practice of the summer fallow. The 
plan of the work will be understood readily from the arrangement of 
the plots shown in Figure 1, if while studying that arrangement it 
is noted that each year while three tiers of plots of early spring, 
medium-early spring, and late-spring plowing were being summer- 
fallowed, three other adjacent tiers, identical |Sot for plot in previous 
summer-fallowed treatment, were in crop. All kinds of summer- 
fallow tillage were to be practiced, including extremes of thoroughly 
good and thoroughly poor. Turkey wheat was the crop to be grown, 

EARLIER FIELD OBSERVATIONS 

Althoi^h tliis series of plots was planned originally for the study 
of the effect on yields of various methods of summer-fallow treat¬ 
ment, it was noted as long ago as 1914 (7, 8) that grain from the 
differently treated plots varied strikingly in its percentage of yellow 
berry, riots given good summer-fallow treatment produced not only 
the largest amount of grain and straw, but always grain with the 
least percentage of yellow berry. 


1 Received for publication Nov. 2f7, 1925; issued August, 1926. 
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Normally, the kernels of Turkey wheat are hard and flinty. Cross 
sections of them are translucent in appearance, there being no visible 
indication of starch deposits. Yellow-berry kernels are lacking in 
hardness, and the clear, dark red color that is characteristic of Turkey 
wheat at its best. The mottled appearance is evidence of deterio¬ 
rated quality. Upon cross-sectiomng, starchy deposits are clearly 
""■bVident. If mottling is very pronounced offerings may be docked 
several cents per bushel under prevailing prices for the best Turkey. 
Turkdy wheat is the variety grown most in this particular region. 
It stands high in the estimation of producers and millers. Since 
yellow berry to the extent of 50 per cent or more is of frequent 
occurrence, it appeared from these earlier field observations on the 
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Fig. 1.— Arrangement of tillage plots. 'I'his series alternates in fallow and crop With a similarly arranged 
series, numbered 481-490, 581-590, and 681-690 


Nos. 181, 281, and 381, packed with surface packer, and frequently cultivated. Clean summer fallow. 
Nos. 182,282, and 382, no cultivations of summer fallow after plowing. Weeds hoed off before maturity. 
Neglected fallow. 

Nos. 183, 188, 283, 288, 383, and 388, check plots, spring-disked before plowing. Clean fallow 
Nos 184, 284, and 384, one harrowing after plowing. No further cultivation. Weeds hoed off before 
maturity. Neglected fallow. 

Nos. 190,290, and 390, fall-disked and spring-disked before plowing. Frequent cultivation. Clean fallow. 
(Size of plots: 2 rods by 8 rods. Width of alleys between plots, 4 feet 7 inches. Width of roadway 
between tiers, 1 rod) 

tillage plots that advantage might be taken of them—and without 
change in the original plans for them—to try to find the fundamental 
cause of yellow berry and means for lessening its prevalence. 

GOOD AND POOR SUMMER FALLOW 

/^Good” summer-fallow treatment implies fall or early spring 
disldng before plowing, reasonably early spring plowing and culti¬ 
vation with harrow and weeder sufficient to keep the surface soil 
loose and the plot clean of weeds. It is just such treatment as the 
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thoroughgoing grower will give his summer fallow when determined 
to retain in it the greatest percentage of soil moisture possible. 
‘*Poor^^ summer-fallow treatment means, no disking previous to 
plowing, late spring plowing, and little if any summer cultivation. 
It is the treatment given ms summer fallow by one who, for one 
reason or another, fails to employ the best methods for conserving 
soil moisture. 

Laboratory data on the crops of 1918 and 1919 confis|aed an 
estimate one might have made readily from field observatiol^ as to 
the relative values for milling purposes of the grains from th^Various 
tillage plots. Flour millers^ place a premium on high cdfttent of 
protein in wheat, and in this respect the grain from the well-tilled 
plots had a decided advantage. These^ earlier field and laboratory 
observations are incorporated along with subsequent observations 
of like kind in Table 1. 


Table 1. —Field and laboratory data Jor crops grown on well-tilled and poorly- 
tilled summer fallowj 1918 to 1924j inclusive 



Yields in pounds 


Physical characteristics of grain 

Protein on dry 
basis 

Tillage treat- 
y ment and 

average num- 




Hatio 

of 

grain 

Weight 

Flinty, 

Yellow 

berry, 



ber of plots 

Total 

Grain 

Straw 

straw 

Per 

bushel 

Per 

3,000 

kernels 

cent 

by 

weight 

per 

cent 

by 

weight 

In 

grain 

In 

straw 


4,714 

1,241 

1, 281 

3,473 

1:2.8 

Lbs, 

57.6 

Gm. 

20.3 

98.6 

1.4 

P. ct. 
17.32 

P.ct. 

3,744 

2,463 

1:1.9 

60.0 

24.6 

61.7 

38.3 

11.69 


'919 

7 ; 180 

2,148 

5,032 

1:2.3 

60.0 

22.1 

96.2 

3.8 

14.80 


3,195 

1, 315 

1,880 

1 : 1.4 

6L5 

25.3 

72.7 

27.3 

13.34 


/Good, 6. 

1920 ^poor,6. 

5,930 

1, 615 

4,315 

1:2.7 

58.3 

23.3 

99.3 

.7 

16.29 


4,750 

i 1,580 

3,170 

1:2.0 

60.8 

25.0 

69.8 

30.2 

11.88 


1921 iOood,6. 

1000 /Good, 6. 

1922 jpoor. B .' 

8,395 

2,103 

6,292 

1:3.0 


26.3 

44.8 

i 55.2 

10.72 


5,302 
3,798 

1,563 

1,117 

3,739 
2,665 

1:2.3 

1:2.4 

54.6 

,30.8 

17.6 

15.0 

93.2 

1 85.0 

' 6.8 

8.99 

18.02 

3.86 

2,490 

913 

1,577 

1:1.7 

57.8 

22.0 

61.5 

38.5 

12.54 

2.32 

/Good, 8. 

^^23 lpoor,7. 

8, 646 

2,016 

i 6,630 

1:3.3 

59.7 

23.9 

79.9 

20.1 

11.65 

1.93 

' 6,706 

1, 781 

1 4,925 

1:2.8 

60.0 

26.7 

49.2 

50.8 

10.49 

1,64 

/Good, 8. 

'9!» |poor,7. 1 

I 6,542 

1 1,284 

1 5,258 

1:4.1 

58.3 

19.2 

98.7 

1.3 

16.57 


3,505 

' 1,119 

2,386 

1:2.1 

60.0 

20.8 

73.8 

26.2 

12.66 



LATER FIELD AND LABORATORY OBSERVATIONS 


Field and laboratory observations subsequent to 1919 entirely 
confirm the earlier ones which induced this study of the cause and 
prevention of yellow berry. 

There has developed a very marked difference in the habit of 
growth of plants on plots receiving good as compared with poor 
summer-fallow treatment. Although the rate of seeding is the same 
for all plots, the early-plowed and well-tilled ones invariably produce 
a thicker stand of heavily tillered plants of a deeper green color, 
greater height, and sturdier growth than the plots given late spring 
plowing and little or no cultivation during the summer-fallow season. 
Figure 2 was reproduced from a photograph of six plants uprooted 
April 25, 1921, from an early-plowed well-tilled plot, and of six 
taken at the same time from a late-plowed poorly tilled-plot. 
Occasionally soil moisture is insufficient to carry the heavier growth 
to maturity without damage to yields of straw and grain by burning. 
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As a rule, however, the good fallow has continued to produce the 
greater weight of straw and grain; the grain from those plots continues 
to be less infected with yellow berry, and both grain and straw are 
substantially richer in protein. These facts are summarized down to 
1924 in Table 1. 


Anyi^e 


CAUSE OF YELLOW BERRY 


le at all familiar with the history of hard-wheat production 
will red^^gnize in the preceding statements of facts as observed for 
Turkey-Vheat on the tillage plots at Moro, a problem that is as old 
as the hard-wheat industry. It may be well to refer to comments 
by European writers on the prevalence of yellow berry in the hard 
wheats of southeastern Europe, and to those of Australian investi¬ 
gators regarding its appearance in hard Australian wheats. In the 
United States and Canada, too, more or less notice has been taken 
of yellow berry in hard-wheat regions, and some speculation has been 
indulged in as to its cause and remedy. The importance attached to 
it is directly in proportion, of course, to the cut made by millers under 
the prevailing market price for normal grain of the same class. For 
the immediate purpose of this paper it is sufficient to cite only those 
more recent investigators who have expressed concrete suggestions 
as to cause and remedy, based upon experimental evidence. ^ 

Roberts and Freeman (o) in 1908 advanced the suggestion that 
yellow berry in the hard winter wheats of Kansas “is a tendency/ 
which finds expression in certain strains or races more markedly 
than in others, and is heritable.’’ In a report of later work by 
Roberts in 1919 (5), it is apparent that he, while still convinced that 
his earlier suggestion was well-founded, felt obliged to concede that 
however pronounced heritable tendencies in the direction of yellow 
berry might be for any one variety of hard winter wheat, soil and 
climatic factors, operating for or against that infection, were far 
more pronounced in their effect. 

In 1914 LeClerc and Yoder (4), of the Bureau of Chemistry, 
United States Department of Agriculture, mentioxied “flinty kernels ” 
in discussing environmental influences on wheat. From the results 
of then recently concluded experimental work they concluded that 
climate is the most potejit factor in determining both the physical 
and the chemical properties of wheat. In reporting more recent work 
by the Bureau of Chemistry on the effects of nitrogen fertilization on 
wheat, Davidson and LeClerc (1) conclude that iiiorgaxiic nitrogen 
applied at the time of heading is a very effective agent in preventing 
the development of yellow berry in hard wheat. Expression is also 
given by these investigators to the view that possibly the color of the 
flinty kernels is due to the residual effect of the basic element of the 
nitrogen compound. 

Headden (5) comments upon the tendency of some observers to 
charge up the cause of yellow berry to excessive rainfall and, in 
irrigated districts, to excessive irrigation. He produced field and 
laboratory data to prove that variation of soil moisture within 
rather wide limits under irrigation practice is without effect on the 
development of yeUow berry. He expressed the opinion, also, that 
far too much importance has been attached to climatic factors as 



Aug. 1,1926 Cause and Control of Yellow Berry in Turkey Wheat 285 


causal agents of yellow berry, and cites his own experiments m Colorado 
to prove that the all-important factor in the production of uniformly 
Wd, flinty wheat, uninfected with yellow berry, is a proper ratio 
of available soil potassium and nitrogen. Headden’s work was 
almost entirely with hard spring wheats. 

The senior author of this paper and associates {3) at the University 
of Idaho have shown also that the hardest of hard spring whgais^ 
is both possible and reasonably to be expected with irrig^iitJnon 
improved sagebrush lands of the Snake River Plains region.Im¬ 
proved lands in this connection means lands enriched with available 
nitrogen by the growth of alfaha and red clover, for which <icops the 
sagebrush lands are remarkably well adapted.) 

One might readily conclude from the field and analytical data 
already given that there is aheady sufficient evidence that well-tilled 
plots produce better-nourished plants. The higher yields of grain 
and straw from these plots, and the higher content of nitrogen in 
both, simply mean that substantially larger amounts of nitrogen 
and, presumably, of other elements have been furnished the growing 
crop on well-tilled plots each year as far back, at least, as 1918. It 
has appeared worth while, howevei*, to attempt at least to get down 
to the fundamental reasons for this result. 

DRY-FARMED LANDS LOW IN ORGANIC MATTER 

It has been remarked that the inherent weakness of the soils in 
this particular dry-farmed region lies in their low content of organic * 
matter. Unless nitrogen fixation takes place much more extensively 
than is sui’mised, crops must depend on this small supply of organic 
matter for their supply of nitrogen. There is no evidence that this 
condition is at present the Hmiting factor in crop production. It is 
conceivable, however, that long before the soil's native supply of 
nitrogen is depleted sufficiently to make of that element the limiting 
factor in crop production, the lack of a liberal supply of that element 
in readily available form at all times might be reflected in some 
physiological disturbance in crop growth—as yellow berry in Turkey 
wheat. 

The denser and more vigorous growth of plants on the early plowed 
and well-tilled plots might be due solely to a greater soil-moisture 
content conserved by better tillage, or it might be due to a larger 
content of soil nitrogen and other elements of plant food in readily 
available form. The first-mentioned condition naight be, in part at 
least, the cause of the second, but only the larger supply of available 
plant food elements, particiilarly of nitrogen, could stimulate the 
greater production of protein in the grain and straw of the plots 
which make the denser growth. Soil-moisture determinations on 
these plots have been made systematically almost from the initial 
layout. In 1920 it was decided to try to find out whether differences 
already noted in yields, and more particularly in the character of 
the crop, could be corelated with significant differences in available 
soil nitrogen and possibly other elements of plant food. The sum¬ 
marized analytical data for five years seem to give a substantial basis 
for definite conclusions as to the cause of yellow berry in dry-farmed 
Turkey wheat. 
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MOISTURE AND NITRATE ACCUMULATIONS IN SUMMER FALLOW 

Obviously tbe mass of analytical data resulting from work so wide 
in scope was necessarily great. However, each year the data were 
reduced to graphic form, and the trend of events was closely studied. 
As the year-by-year results warrant the same general conclusions, 
are presented here in summarized graphic form only. 

Silases the composite samples taken from the plots for moisture 
and ni^ate determinations represent four borings as the plots were 



Fig. 2 .-"Growth of plants on two different plots. The plots were adjacent (see fig. i) , but recei ved different 
sumnier*fallow treatment. These plants were uprooted April 25,1921. Top row: Representative plants 
fiom plot 383, plowed April 1,1920, and given frequent cultivation during the fallow season. Bottom row: 
Representative plants from plot 382, plowed June 1, 1920, and given no cultivation during the fallow 
season 


traversed from end to end. Grapiis for each of the 6 feet might 
have been reproduced here, but those representing the averages 
presented are sufficient for the immediate purposes of this paper. 

In Kgures 3 and 4, beginning with fallowed and cropped land, 
respectively, is shown the course of events with respect to sou moisture 
in 6 feet of typically “good” and “poor” fallowed plots through a 
(continuous period of five years. 
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One must note the greater decline in soil moisture in the poorly 
tilled plots during the period of no rainfall during the summer-fallow 
season; the sharp rise in soil moisture in all plots coincident with the 
late summer and fall rains; the near equality of soil moisture in all 
plots in the early spring of the cropped year; and the very sharp 
decline in soil moisture in all plots accompanying crop growth to 
near equality at harvest time. 

The slightly greater moisture content of the poorly tilled^^-^feS" 
during the cropped season from seed formation to harvest^ime is 



Pig. 3.—Soil moisture in 6 feet of typically ‘^good” and typically “poor” fallowed plots through a continu¬ 
ous period of five years. Fallowed in 1919 



Fig. 4.~Soil moisture in 6 feet of typically “good ” and typically “poor” fallowed plots, through a continu¬ 
ous period of five years. Cropped in 1919 


characteristic. So also is the greater percentage of yellow berry in 
the harvested grain of these plots. It is believed, however, that the 
first difference, however characteristic, is entirely too small to accouiit 
in any appreciable measure for the latter. There seems to be more 
evidence for supposing that the greater moisture content of the 
well-tilled plots during the summer-fallow season is conducive to 
greater bacterial activity, the sum total of winch is a larger amount 
of available plant food in readiness for the succeeding crop. 
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NITRATES IN THE CROPPED PLOTS 

The first attempts to establish the correctness of this view were 
made in 1920. Differences in habits of growth previously noted 
were so verj^ marked in the early springtime that determinations 
of soil nitriates on the cropped plots seemed promising of results 
that would establish a connection between available soil nitrogen 
fciijyJ^T^or of crop growth. From Table 2 it will be seen that although 
theac?^! amounts of nitrogen in nitrate form were low on April 15 
and 6, the well-tilled plots had decidedly the larg^er accumula¬ 
tion of’^cess available nitrogen. By May 19 the differences were 
practic^y negligible as the natural result of the more exhaustive 
feeding^f the denser growth on the well-tilled plots. It is evident 
that by May 19 there was no appreciable excess of available nitrogen 
in either whU-tilled or poorly tilled plots. All subsequent nitrate 
determinations were confined to plots actually in summer fallow. 
This introduces some difficulties also in the matter of interpretation 
and correlation of analytical data. 

Table 2. —Average nitrate content 'per foot of soil to a depth of 6 feet in plots under 

crop in 1920 


[Some plots have from the start received good tillage while under summer fallow; others have been given 
little or no tillage during the fallow season] 


Date of sampling 

Good tillage 

Poor tillage 

Plot No. 

NOs, 
parts per 
million 

Plot No. 

NOs, 
parts per 
million 

Apr. 15. 

481 

3.88 

482 

1.03 


681 

5.16 

682 

1 1.66 


681 

4.98 

682 

1.66 


483 

3.00 

484 

1 2.19 


683 

4.04 

684 

1 2.02 


683 

3.16 

684 

2.49 

Average... 


4.04 


1.84 

May 5. 

481 

16.6 

482 

5.76 


581 

7.5 

582 

3.80 


681 

10.0 

682 

4.60 


483 

7.25 

484 

7.02 


683 

11.30 

584 

3.88 


683 

8.40 

684 

4.57 

Average.-. 


9.90 


4.94 

May 19.... 

681 

5.67 

682 

4.65 


683 

4.25 

684 

4.10 

Average....-..... 


4.96 


4.38 







NITRATE ACCUMULATION IN FALLOWED PLOTS 

Figures 5 and 6 were derived from moisture and nitrate data 
indicative of the average foot for a depth of 6 feet in well-tilled and 
poorly-tilled plots from 1920 to 1924, inclusive. Figures 7 and 8 
were derived from data of the same kind for the first foot of soil. 
Inasmuch as one will arrive at essentially the same conclusions from 
a study of both sets of figures, comment wiU be made on only the 
latter. From the figures at least four facts can be read; 

(_1) There is a near equalization of nitrates in all plots in early 
-spring; (2) the period of most rapid nitrate formation roughly coin- 
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cides ■with the period of soil moisture decrease and temperature rise; 
(3) the greatest accumulation of nitrogen in nitrate form at the end 
of the summer season is always in the well-tilled plots—^those of 
higher moisture content; (4) the accumulation of nitrates at the usual 
time for fall seeding is the equivalent of very substantial applications 
of sodium nitrate. 





Fig. 5.—Average accmnulation of moisture (upper graphs) and of NOs Gower graphs), per foot of summer 
fallow, to a depth of 6 feet, 1920 to 1922, inclusive, in well-tilled and in poorly-tilled plots 



It might reasonably be expected that the better tillage treatment 
increases also the accumulation of other elements of plant food in 
water-soluble form at seeding time. Only the most delicate methods 
employed in soil analysis comd be made to throw Ught on that point. 
The cryoscope seemed to offer the necessary delicacy. In Table 3 
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are data obtained on the lowering of freezing points by water sus¬ 
pensions of soil from samples taken in tliree cores to a depth of 24 
inches in well-tilled and poorly-tilled plots summer fallowed in 1924. 
Since (with the exception orsamples taken on August 18) the greater 


-M- 




Fig. 8 . —Continuation of Figure 7, seasons of 1923 and 1924 

depression of the freezing point always occurred with soils from the 
well-tilled plots, the conclusion that tillage of the summer fallow 
tends to increase the accumulation of water-soluble plant food 
appears to be reasonably well founded. 
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Table 3, —Cryoscopic determinations of waier-soluhle substance in soils from 
well-tilled and poorly-tilled fallow plots 


Date of sampling 

Depth 
of core 

Depression of j 
freezing point j 

Date of sampling 

Depth 
of core 

Depression of 
freezing point 

’Well- 

tilled 

plots 

Poorly-' 
tilled j 
plots . 

Well- 
tilled J 
plotr 
L 

Poorls*. 

plots 

1924: 

Inches 

° a 

1 

° a 

1924—Continued. 

Inches 

° e' 

® C 

July 21. 

Oto 9 

0.009 

0.007 1 

Oct. 16. 

0 to 9 1 

0.^07 

0.000 


10 to 18 

.002 

.000 


10 to 18 i 


r .002 


19 to 24 

.006 

.002 * 


19 to 24 

.005 

.001 

Aug. 18 .. 

Oto 9 

.005 

.007 

Nov. 19. ' 

Oto 9 

.011 

.009 


10 to 18 

.007 

.008 


10 to 18 

.001 

.001 


19 to 24 

.002 

.000 ! 


19 to 24 

.005 i 

.000 

Sept. 17. 

Oto 9 

.009 

.005 1 

! 1925: 


1 



10 to 18 

.025 

.010 1 

1 Apr. 6. 

Oto 9 

.012 ' 

.008 


19 to 24 

.006 

.001 : 


10 to 18 

.007 1 

.004 




1 

1 

1 

19 to 24 

.009 

.002 


When attempt is made to correlate these facts with the field and 
laboratory data given in Table 1, difficulties at once arise. Not 
always do years of greatest yields immediately follow those of 
^eatest nitrate accumulation in the fallowed plots at seeding time. 
Nor can one with much confidence attribute this fact to differences 
in moisture retention by the fallowed plots; for, if reference is again 
made to Figures 3 and 4, it will appear that, notwithstanding the 
differences in moisture retention during the fallowed season, a 
remarkable uniformity prevails in the moisture content of all plots 
at the beginning of the crop season. As a matter of fact, low yields 
invariably have follow^ed climatic conditions that were unfavorable 
for germination and emergence of grain in the preceding autumn. 
The outstanding fact to be noted here is that as between plots of 
good and poor tillage, grain sown on those of good tillage in the very 
early stages of growth had a substantial advantage over grain on 
those of poor tillage in the matter of soil moisture, readily available 
nitrogen, and perhaps of other readily available plant-food materials 
as well. As these plots invariably produced the highest yields of 
grain and straw, which were substantially the richest in protein, the 
correct inference would seem to be that yellow berry is a manifesta¬ 
tion of nutritional disturbance caused by a lack of sufficient nitrogen 
and perhaps of other essential elements for vigorous plant growth, 

IMPORTANCE OP NITROGEN IN DRY-FARMED REGIONS 

Simple calculations based upon field and analytical data given in 
Table 1 put in concrete form two very important facts: (1) Very 
considerable amounts of nitrogen are being removed annually from 
all of these plots by the wheat crops they produce; (2) the better 
the tillage methods practiced on the summer fallow the greater the 
amounts of nitrogen removed by the succeeding crop. 

If the cause of yellow berry in Turkey wheat is correctly surmised 
from the work reported here, a certain amount of control by sunamer- 
fallow tillage appears to be feasible, just so long as soil nitrogen is 
not too sharply the limiting factor in crop yields. However, one 
may not reasonably expect control to average well up towards 100 
per cent over a long term of years. 
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The nitrogen problem for dry-farmed lands is perhaps the biggest 
problem that faces the experiment station at More. The removal 
of nitrogen from the plots at Moro is indicative of -what is taking 
place in the surrounding country, and the question is, how long can 
the process continue. 

SUMMARY 

reported here is subordinate to a larger project which 
seeks ^ determine the influence of variations in summer-fallow 
tillage '^n wheat yields. 

Thojpugh tillage of the summer fallow, in contrast to neglect or 
poor ?illage, results in larger yields of grain and straw, botli of which 
are substantially richer in protein and the grain correspondingly 
less infected with yellow berry. 

Since the accumulation of nitrate nitrogen, and seemingly of other 
water-soluble plant-food substances, at seeding time is always greatest 
in the well-tilled fallow, it is concluded that yellow berry—^low- 
protein wheat—is the manifestation of nutritional disturbances re¬ 
sulting from insufficiency of nitrogen and other elements of plant 
food for adec^uately meeting the requirements of a normally develop¬ 
ing crop. 

As no means appears feasible as yet for fortifying dry-farmed 
lands against the gradual depletion of their native supply of nitrogen, 
it is reasonably certain that high efficiency in the control of yellow 
berry can not be maintained indefinitely by tillage of the summer 
fallow, no matter how thorough the tillage may be. 
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WESTERN LARCH NURSERY PRACTICE^ 


By ^y. G. ^yAHLE]:^BERG 


Assistant Silviculturist^ Northern Rocky Mountain Forest Experiment Btation, 
Forest Service, United States Department of Agrienlture 


INTRODUCTION 



Although western larch {Larwe ocddentalis) is at prer^nt of 
minor importance in the northern Rocky Mountains anctH^pro- 
(luces itself naturally and abundantly on many burned areas, it 
has not been entirely neglected in planting studies in this region. 
On lands in need of artificial reforestation there are likely to be 
some sites better suited to larch than to anj- other species. ^ To 
establish larch on these sites it is necessary to produce seedlings 
or transplants in a nursery, for effective methods of sowing seed 
directly in the field have not been developed. With this need in 
view, studies were made to determine the best season for seed sow¬ 
ing, the proper depth to cover seed in seed beds, and the best 
method of sowing. Two phases of the work of caring for seed 
beds were also studied, viz, water and shading. 

Most of the work was done at a small nursery at Priest River 
in northern Idaho. Some tests of time and amount of seed for 
sowing, as well as part of the shade study, were made at Savenac 
nursery in western Montana. The natural soil at the Priest River 
nursery, which occupied a gentle southerly slope, was a rather 
heavy silt, but was made more friable by the addition of fine, sharp 
sand*. The beds, each of which was 48 square feet in size, were 
protected only with wire screen frames, except in the shade tests, 
in which lath shade-frames giving half-shade were used. Examina¬ 
tion of beds and seedling counts were made at frequent intervals 
during the periods of rapid germination and less frequently later 
in the season. 

The seed used at Priest River was collected in 1911 on the Col¬ 
ville National Forest in northeastern Washington, and that used at 
Savenac nursery was collected in 1917 on the Kootenai National 
Forest in northwestern Montana. Greenhouse tests showed the 
vitality of the Colville seed to be 15 per cent and that of the Koot¬ 
enai seed 19 per cent. Had the seed been of better quality the 
differences in germination resulting from the various nursery treat¬ 
ments probably would have been greater, showing more clearly 
the relative values of the treatments. 

Because good seed and poor seed can not readily be distinguished 
and separated, the seed from which samples for sowing were to be 
taken was mechanically mixed in such a way as to distribirte the 


1 Received for publication ,Tan. 25» 1926; issued August. This is a report of work 
done by D. R. Brewster and E. C. Rogers at Priest River, Idaho, and by the writer at the 
Savenac Nursery, Haugan, Mont. 
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It was decided that 14 probably the optimum depth of 

sand coyer, but that in practice it might be well to aim at obtaining 
% inch with an allowable range from i/4 i^^^h to 1/2 inch. Covers 
shallower than i/4 obviously are desirable, if the results are 

satisfactory, but tests have not been made with such covers and 
nursery practice has been guided by the above experience. 

METHOD OF SOWING 

The experiment just described, made primarily to study the 
effect..of different thicknesses of sand covering, also afforded a 
comparison of the two common methods of sowing seed in forest 
nurseries, broadcast and in drills. 

The peak of the germination period occurred on August 5. At 
that time the drill-sown seeds showed a more rapid rate of response 
than the broadcast seeds. One way to gauge this rapidity is to 
express total germination in terms of percentage of the number 
of seeds sown by each methoci and compare the figures. The differ¬ 
ence in favor 01 drilled plots varied from 6.T per cent to 22.5 per 
cent and averaged 13.6 per cent for six lots; but by August 12 
this average difference was reduced to 3.5, and by the end of an¬ 
other week, as the season neared its end, it had almost disappeared. 

Total germination is important as well as rapidity of germina¬ 
tion, The drilled plots showed larger totals than the broadcast 
plots in four out of six cases. Each of the two exceptions was 
a plot with thin sand cover. One was the plot having the least 
cover applied, and the other was one in which the sand had been 
washed to one side in sprinkling. With all but the shallowest cover, 
the total germination of the seed sown in drills tended to be greater 
than that of the seed sown broadcast, and this tendency was more 
marked with increase in the depth of cover. A possible explana¬ 
tion of this is that the combined lifting power of numerous seed¬ 
lings located in a narrow strip was more effective than that of a 
similar group of seedlings scattered over a larger area. It may 
be that the lifting and fracture of the cover along the line of the 
drill allowed a larger number of the naturally weaker seedlings to 
emerge. The smaller size of western larch seedlings would make 
them more responsive to minor soil differences of this nature than 
are pine seedlings. 

In the periodic examinations of the plots, most of the losses were 
attributed to damping-off' during August. As resistance to damp- 
ing-off increases with age and vigor of the seedlings, there would 
be reason to expect a greater loss in the broadcast plots where germ¬ 
ination was less prompt and seedlings of susceptible ages were 
exposed to infection for a longer period; but, on the contrary, seed¬ 
ling vigor as a whole seems to have been greater in the broadcast 
plots. This was because fewer of the naturally weaker individuals 
had emerged from the soil. At the end of the first and second sea¬ 
sons the survival in deeply covered plots was higher from broad¬ 
cast sowing, while the survival in lightly covered plots was slightly 
higher from drill sowing. 

On the basis of these experiments it was decided, at least where 
^ it was not difficult to obtain water for irrigation, that western larch 
seed should be sown broadcast rather than in drills. While there 
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is little difference in germination or survival at the desirable shal¬ 
lower depths of sowing, broadcasting tends to eliminate the weak¬ 
est plants, and it is at the same time the cheaper method. Broad¬ 
casting requires less time for soil preparation and sowing; it utilizes 
the space more completely, and costs less in weeding, watering, and 
general care. 

WATERING SEED BEDS 

To obtain information for the guidance of nurserymen as to 
amounts and intervals for watering, and for rangers and others who 
might produce small quantities of planting stock in localities where 
artificial watering would be impossible or very costly, three tests 
of drill-sown seed were planned: (1) Surface cultivation without 
artificial watering, (2) surface cultivation with moderate watering, 
and (3) heavy and frequent watering without cultivation. 

On May 6, 1913, 3 beds, each 24 square feet in area, were sown. 
Drills were spaced 3 inches apart, and were sown with amounts of 
seed computed to contain 100 good seeds to each foot. Seeds were 
covered 4 inch deep with sand. Germination was counted once a 
week in 1913, and once in the fall of 1914. 

All beds were watered equally during the period of germination 
and until August, because the purpose was not to affect germination, 
but to influence later development. The three test lots thus obtained 
a fairly even start before August 7, when differentiation in treat¬ 
ment began. For convenience these lots and beds will be referred 
to as A, B, and C. 

Lot A was given no artificial watering after August 7. During 
the first season it was cultivated after each rain and on every fourth 
day. During the second season it received the same treatment, ex¬ 
cept that cultivation between rains was reduced to a frequency just 
sufficient to maintain a dust mulch. 

Lot B was given two quarts of water per square foot every fourth 
day the first season, and the second season it received enough water 
artificially applied to make a total of 0.75 inch per week when added 
to the rainfall for that week. It was cultivated after each rain and 
watering. 

Lot C was not cultivated at any time. It was given one quart of 
water per square foot every other day the first season, and the second 
season it was sprinkled enough in addition to rainfall to provide 
a total of 0.75 inch of water during each half week. 

Artificial watering was done on Saturdays and alternate Tues¬ 
days and Wednesdays. When rainfall alone exceeded 0.75 inch 
during the specified periods for lots B and C, no watering was done, 
the excess being noted but not carried forward to apply on the next 
period. Every Monday morning during the second season soil 
moisture samples were taken from each bed at four depths: Surface 
inch, 2 to 6 inches, 7 to 12 inches, and 13 to 18 inches. The moisture 
content in the xmwatered, cultivated bed (A) was about 15 per cent 
lower at all depths than in either of the other two, but differences in 
moisture between the two artificially watered beds (B and C) were 
small. The minimum amount of soil moisture, 14 per cent, occurred 
in bed A; the average moisture content of B and C beds was about 
55 per cent, and maxima were near 70 per cent. 

2317—26-7 
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Part of the stock was transplanted in November of its second 
season and the remainder the next April. At the time of fall trans¬ 
planting 100 plants were mechanically selected from each lot, and 
lengths of roots, stems, and leaves, and diameters of stems* at the 
ground line, were measured. Averages from these measurements 
are useful in judging the relative development of plants resulting 
from different methods of culture. It was found that seedling devel- 
opniSht was greatest in the bed receiving only cultivation (A), that 
it was intermediate in the moderately watered bed (B), and was 
poorest in the bed receiving heavy watering (C). The percentage 
of trees which survived transplanting was highest, 39 per cent, for 
the moderately watered stock (B); intermediate, 35 per cent, for 
the cultivated stock (A); and lowest, 8 per cent, for the heavily 
watered stock (C). The cultivated stock (A) showed the best 
development after a year in the transplant bed, with moderately 
watered (B) and heavily watered stock (0) decidedly poorer. 

From these results in drill-sown beds, cultivation alone appeared 
to be better than either moderate watering with cultivation or heavy 
watering alone for the production of well developed two-year-old 
larch seedlings. By drill sowing and cultivation it should be "possible 
in ranger nurseries to produce good larch stock without irrigation. 
For larger nurseries where seeds are sown broadcast, these experi¬ 
ments indicate that moderate watering is best. 

SHADING OF SEED BEDS 

On June 6, 1913, and again on May 5, 1914, three plots were sown 
broadcast to^ test the effects of one-half and one-quarter shade as 
compared with full sunlight on seed beds. Enough seed was sown 
to provide an estimated 300 good seeds per square foot. Counts were 
made weekly during the period of active germination and biweekly 
thereafter until the end of the season. In the fall of 1914, samples 
of stock from all sowings were taken up for measurements of length 
of roots, stems, and leaves, and diameter of stems at the ground line. 
Seedlings were transplanted in November, 1914, from each of the 
plots, with one exception. No trees were moved from the half-shaded 
plot shown in 1913 because of damage from frost heaving. Survival 
and development of transplants were recorded in the spring and 
fall of 1915. 

Total germination was greatest under half shade and least under 
no shade with plots sown in June 1913, but this result was exactly 
reversed with plots sown in May, 1914. In both years the seedlings 
started to come up first in unshaded plots, but in the ease of the 
later (June) sowings the shaded plots caught up. This seems to 
indicate that the seeds are benefited by full sunlight when they 
begin to sprout, especially early in the season when insolation is 
less intense, but that when germination is delayed the majority of 
seedlings will come up only under shade. Of course, survival and 
development must also be considered. 

Because of the inherent slowness of larch seed when spring sown, 
it would be natural to expect that shade during May and June, even 
if it made germination still slower, would benefit survival of the 
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youngest seedlings through its action in reducing transpiration and 
in keeping the surface soil cooler and more uniformly moist. Shade 
during these two months, however, appeared to be more detrimental 
than beneficial because of greater losses from damping-ofl under the 
shade frames. Shade on these beds after the 1st of July seemed to 
benefit survival regardless of whether the seeds sprouted early or 
late, and half shade was more beneficial than quarter shade. In 
development during the first year, the trees receiving quarter shade 
were very slightly larger than the others; after the next year the 
best developed trees were found in beds having no shade during the 
second season. 

These results were supported by the outcome of some similar work 
at Savenac nursery. Two 4 by 12 foot beds were sown there on 
May 18, 1914. One was given no shade at any time, and the other 
was given half shade from July 1 until the close of the first season. 
Although the unshaded bed contained more seedlings than its com¬ 
panion on June 22 before either bed was shaded, it fell behind early 
in July. Periodic seedling counts showed that shade was having 
a favorable effect upon midseason germination and survival, which 
by September 8 amounted to a lead of nearly 10 per cent in number 
of seedlings. 

From the results of tests at Priest Eiver and at Savenac nursery, 
it is recommended that western larch seed beds sown in the spring 
be given one-half shade during July and August, but no earlier in 
the first season and none at all during the second. 

REMAINING PROBLEMS 

In this series of experiments several phases of larch production 
have not been considered. The proper density in seed beds, the best 
time for transplanting, and the most suitable age classes deserve 
attention. With larch, also, some other factor than variation of 
density in the seed bed is active in producing extremely irregular 
stands, and this factor is yet to be determined. During their 
second season, larch seedlings vary roughly from 1 to 12 inches in 
height. These extremes are greater than in any other species grown 
in the nursery; a great deal of culling must be done, resulting in a 
hea^^’' loss in culled plants. 

CONCLUSIONS 

Larch seeds should be sown in the fall, to avoid hold-over ger¬ 
mination, but principally because the first-season germination comes 
more promptly from seed sown the previous fall. 

Present practice aims at % inch of sand covering, with allowable 
variations from ^ to % inch. One-quarter inch or less is probably 
the optimum thickness. 

The preferred method of sowing seed is broadcasting rather* than 
sowing in drills. Broadcasting tends to eliminate the weakest 
plants, with no net loss in survival under the more desirable light 
sand covering; also the cost is lower in time taken from soil prepa¬ 
ration and sowing, in utilization of space, and in the labor demanded 
for weeding, watering, and general care. 


i 
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However, where water for irrigation is cliiRcult to obtain, drill 
sowing may be necessary. It has been shown that well-developed 
2-year-old larch seedings can be produced in the northern Rocky 
Mountain region in cultivated drills ‘without artificial watering. 
With broadcast sowing moderate watering is best. 

The amount and degree of shade needed by spring-sown seed beds 
is half shade during July and August, but none earlier than that and 
no shade at all during the second season. 

o 
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DISTRIBUTION OF VOLATILE FLAVOR IN GRAPES AND 

GRAPE JUICES' 

By J. W. Sale, Chemist in Charge, and J. B. Wilson, Associate Chemist, Water 
and Beverage Laboratory, Bureau of Chemistry, United States Department of 
Agriculture 

INTRODUCTION 

A knowledge of the distribution of volatile flavor in grapes and 

S rape products is of value to viticulturists who wish to determine 
otanical origins, to manufacturers of grape juice who are interested 
in the cause of deterioration of bottled grape juice during storage, and 
to food ofl&cials who regulate the sale of true and imitation grape 
products. 

Methods have not yet been developed for the determination of all 
the volatile flavoring constituents of grapes, the chemical character 
of which is still for the most part unknown. Exact quantitative 
methods for anthranilic acid ester, usually referred to as methyl 
anthranilate, one of the most important volatile constituents of 
certain varieties of grapes, however, are now available, and the total 
esters and total free volatile acids can be readily determined by well- 
known methods. Power and Chesnut (7)^ nave shown that the 
content of anthranilic acid ester in authentic grape juices varies 
with the variety of grapes. Their data, which were intended to be 
only approximately quantitative, were expressed in the following 
terms: + +, strong reaction for methyl anthranilate; + , slight but 
distinct reaction;— negative result. In a previous publication {6) 
they stated that the largest quantity of methyl anthranilate (anth¬ 
ranilic acid ester) which they had found in the red juices of the 
Concord type was about 0.001 gm. per 500 c. c. of grape juice, and 
that the largest quantity in light-colored juices was not more than 
0.0001 gm. per 500 c. c. of grape juice. These quantities are equiva¬ 
lent to 2.0 and 0.2 mgm. per liter respectively. Power and Chesnut 
also suggested that a determination of the presence or absence of 
methyl anthranilate may have some diagnostic value. Scott (5), 
who employed an exact quantitative method, found that eight 
brands of Concord juice believed to be pure contained from 0.80 to 
1.49 mgm. of the ester per liter, and that four brands of Catawba 
juice believed to be pure contained from 0.11 to 0.40 mgm. per liter. 

The purpose of the investigation reported here was to extend the 
work of Power and Chesnut, and Scott, by determining the exact 
quantities of anthranilic acid ester, total esters, and total volatile 
acids in a large number of varieties of grapes and grape juices and by 
determining the distribution of these constituents in the skins, pulp, 
and jui^e of grapes and in the products of the grape resulting from 
the commercial manufacture of grape juice. 


1 Received for publication Feb. 27,1926; issued August, 1926. 

2 Reference is made by number (italic) to “Literature cited,” p. 310. 
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METHODS OF ANALYSIS 

Several methods have been proposed for the determination of 
anthranilic acid ester in essential oils, fruit juices, and commercial 
flavors. Most of them are*^ based on Erdmann’s method, which 
depends upon diazotization and the formation of an azo dye. Erd¬ 
mann (S), and Erdmann and Erdmann 1216), coupled /3- 

naphthol and also jS-naphtholdisulphonic acid with the diazotized 
anthranilic acid ester. Power (5) tested both /3-naphthol and dime- 
thylaniline for this purpose, but preferred to use the former because 
of its greater sensitiveness. Mathewson (4) used sodium-a-naph- 
thol-2-sulphonate for the spectrophotometric estimation of aromatic 
amino compounds, including anthranilic acid ester. Scott (8) 
employed alcoholic a-naphthol solution. The writers’ present work 
was begun before the article by Scott ^ was published. After some 
preliminary experiments on the methods then available, the writers 
chose for study Mathewson’s procedure, in which hydrazine sulphate 
is used to destroy the excess of nitrous acid after diazotization. The 
method which they finaUy adopted is applied directly to the steam 
distillate, thus eliminating the extraction of the distillate and the 
removal of the solvent by evaporation. 

DETERMINATION OP ANTHRANILIC ACID ESTER 

Apparatus 

The apparatus used consisted of the following: (1) A steam gener¬ 
ator filled with distilled water (an oil can holding 1 gallon will serve 
the purpose); (2) a Kjeldahl flask, 750 c. c. capacity, with shortened 
neck, about 10 inches high over all; (3) a spray tube passing through 
a rubber stopper and reaching to the bottom of the flask; (4) a 
Kjeldahl distilling tube; (5) a 10 or 12 inch worm condenser, with 
tube sealed to the outlet, reaching to the bottom of the receiver; 

(6) an Erlenmeyer flask, 500 c. c. capacity, to be used as a receiver; 

(7) tinfoil to cover the rubber stoppers to prevent absorption of the 
esters; (8) a water bath. 

Reagents 

The following reagents were used: (1) N hydrochloric acid; (2) 
sodium nitrite solution (2 per cent); (3) hydrazine sulphate solution, 
saturated (about 3 gm. per 100 c. c.); (4) sodium-l-naphthol-2-sul-. 
phonate (5 per cent solution); (5) sodium carbonate (25 per cent 
solution); (6) standard solution of methyl anthranilate containing 
1 mgm. of methyl anthranilate per 1 c. c., obtained by dissolving 
0.25 gm. of methyl anthranilate in 60 c. c. of 95 per cent alcohol and 
diluting to 250 c. c. 

Procedure 

Place enough water in the receiving flask (6) to just cover, or seal, 
the end of the extended condenser tube. Place the sample in the 
distilling flask (2). If the volume of sample is less than 200 c. c. 
add water up to this volume. Connect with the condenser (5) and 


2 In this article the statement “3 o. o. of N sodium nitrite,” xmder the heading ‘^Colorimetric Method/' 
13th line, evidently should be ”3 c. c. of N sodium hydroxide.” 
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immerse the flask in the water bath to the level of the contents. 
When the sample has attained the temperature of the water bath, 
which should be about boiling, connect with the steam generator and 
pass a rapid current of steam through the sample for 30 minutes. 
About 300 c. c. should collect in the receiver during this time. Dis¬ 
connect the apparatus and wash out the condenser with a little water. 
Add 25 c. c. of N hydrochloric acid and 2 c. c. of 2 per cent sodium 
nitrite solution to the distillate. Mix well and allow to stand for 
exactly 2 minutes. Add 6 c. c. of saturated solution of hydrazine 
sulphate and mix well for 1 minute, so that the liquid comes in 
contact with all parts of the flask which may have been touched by 
the solution when it contained free nitrous acid. Keep the liquid 
in the flask in rapid motion while quickly adding 5 c. c. of a 5 per 
cent solution of sodium-a-naphthol-2-sulphonate, and immediately 
add 15 c. c. of 25 per cent solution of sodium carbonate. The 
presence of anthranilic acid ester in the distillate is shown by a 
color ranging from light pink to deep red, the intensity of the color 
being proportional to the amoxmt of this ester present. The azo 
dye formed is a-naphtholsulphonic acid diazomethyl anthranilate. 
Dilute the colored solution to 500 c. c. with distilled water, mix, 
and compare an aliquot of the solution with a standard or set of 
standards. 

Precautions 

In diazotizing 88 mgm. of methyl anthranilate, 2 c. c. of 2 per cent 
sodium nitrite solution will be used. Enough hydrazine sulphate to 
destroy completely the excess of nitrous acid present must be added. 
Otherwise sodium nitrosonaphtholsulphonate, which is intensely 
yellow and modifies the color of the azo dye, is formed. The excess 
of this reagent must be kept as small as possible, however, in order 
to limit the number of side reactions. 

The proper volumes of the solutions of sodium-l-naphthol-2-sul- 
phonate and of sodium carbonate should be measured in graduated 
cylinders when beginnii^ the test. This procedure will enable the 
operator to add the reagents quickly while keeping the solution in 
rotation, in such a way that each will become incorporated in the 
liquid almost immediately. About 5 c. c. of 25 per cent sodium 
carbonate solution is necessary, to neutralize the hydrochloric acid 
present, but the addition of 15 c. c. of this solution gives a solution 
containing equal parts of sodium carbonate and sodium bicarbonate, 
which Mathewson found to have the proper hydrogen-ion concentra¬ 
tion to give maximum, color for this dye. The red dye formed by 
methyl anthranilate is gradually saponified in alkaline solution, 
forming the corresponding coinpqund of anthranilic acid, which is 
more yellow. For this reason it is necessary to apply the test reac¬ 
tion to standard solutions and distillates at as nearly the same time 
as possible. 

Synthetic samples examined by this procedure gave the results 
reported in Table 1. The methyl anthranilate used in these experi¬ 
ments consisted of two commercial samples, which were shown to 
contain 97,1 and 97,7 per cent methyl anthranilate, respectively, 
when analyzed by Mathewson’s spectrophotometric method (4). 
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Table 1 .— Anthranilic acid ester in synthetic solutions 


Sample 

Ester added 

Ester found 

Quantity 

recovered 

Water...-... 

Mg 

1.102 

Mg 

1.086 

Per cent 
98.6 

Do- . . .-. 

1.102 

1.088 

98.8 

Do.-.-.-. 

6,61 

5.408 

98.2 

Do.-. 

5.51 

5.463 

99.2 

Do. 

11.02 

10.91 

99.0 

Do.-. 

11.02 i 

10.91 

99.0 

Do. 

27.65 

26.94 

97.8 

Do-__ 

27.65 

26.86 

97.5 

Grape juice-- -- - - -____ 

0.00 

0.31 

Do-... 

5.51 1 

5.48 

“94.2 

Do...-. 

11.02 

10.90 

«96.2 

Do.-.-. 

27.55 

27.48 

"98.6 



« Based on quantity of ester added, plus quantity found in the commercial sample of grape juice. 


The foregoing method has been used for several years with satis¬ 
factory resmts in the field stations of the Bureau of Chemistry of the 
United States Department of Agriculture for the analysis of genuine 
and imitation grape products. 

DETERMINATION OP TOTAL VOLATILE ACIDS 

Subject 200 to 500 c. c. of grape juice or grape beverage to steam 
distillation, as described in the method for the determination of 
anthranilic acid ester. Add phenolphthalein indicator to the dis¬ 
tillate, and titrate to a permanent pink color with N/10 alcoholic 
potash. Report as milligrams of acetic acid per liter (1 c. c. N/10 
alkali = 6 mgm. acetic acid). 

DETERMINATION OF TOTAL VOLATILE ESTERS 

After titration of the volatile acids, add 15 to 25 c. c. excess of N/10 
alcoholic potash. Heat imder a reflux condenser for 1 to 2 hours. 
Cool and titrate the excess of alkali with N/10 sulphuric acid. Run 
a blank saponification, using the same quantity of alcoholic potash in 
200 c. c. of water made just alkaline to phenolphthalein. Subtract 
the number of cubic centimeters of acid required for the sample from 
that required for the blank, and multiply by 8.8. This will give 
milligrams of ester in terms of ethyl acetate. 

MATEKIALS 

SOURCE OP SAMPLES 

The following samples were obtained through the courtesy of J. S. 
Caldwell of the Btueau of Plant Industry of the United States 
Department of Agriculture: Whole grapes—32 varieties, 1 sample 
each; 13 varieties, 2 samples each; 3 varieties, 3 samples each; 1 va¬ 
riety, 4 samples. Grape juice—^3 varieties, 3 samples each; 2 va¬ 
rieties, 4 samples each; 1 variety, 5 samples. In most cases each 
sample of whole grapes came from a single vine. The samples of 
grape juice had been stored from 1 to 5 years. 

Through the courtesy of a manufacturer of grape juice in Chau¬ 
tauqua County, New York, 5 samples of grape juice, representing 1 
variety of grapes, and 1 sample of dried pomace, were obtained. 
This grape ]uice had been stored from 1 to 3 years. 
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The following samples were purchased on the Washington, D. C., 
market in 1924 and 1925: Whole grapes—5 varieties, 1 sample each; 
1 variety, 2 samples; 1 variety, 3 samples; 1 variety, 7 samples. 
Grape juice—8 brands, 1 sample each; 3 brands, 2 samples each. 

Altogether 88 samples of whole grapes, representing 55 varieties, 
and 41 samples of grape juice, representing 6 varieties and 11 brands, 
were examined. 

PREPARATION OP SAMPLES 

In the analysis of the whole grapes, 100 to 500 gm. of stemmed 
grapes were placed in the distilling flask and crushed with a glass 
rod (flattened at one end) so that all the skins were broken. 

*^Hot pressed” juice was obtained for analysis by placing weighed 
quantities of stemmed grapes in a pan, crushing, and heating to boil¬ 
ing. The boiling was continued for three to five minutes, after which 
the mixture was transferred to a muslin bag and pressed by hand. 
Two samples were prepared in this way to determine the effect of 
heating on the content of volatile flavor. ^^Cold pressed” juice was 
obtained by placing weighed quantities of stemmed grapes in a muslin 
bag and pressing with the aid of a screw press. The juices obtained 
in this way were analyzed without filtering. Other juices were ob¬ 
tained for analysis by draining the pulp and by pressing or draining 
the skins which had been carefully separated from the pulp by hand. 
In several instances the juices obtained from draining the pulp and 
pressing the skins were mixed for analysis. The little juice which 
drained off in separating the skins from the pulp was collected and 
analyzed separately. The pomace, pressed or dried skins, and 
drained pulp, were analyzed, as was also a sample of commercial 
dried pomace. The samples of authentic and commercial grape 
juices, of course, required no special preparation for analysis. 

EXPERIMENTAL RESULTS 

The quantities of anthranilic acid ester, volatile esters, and volatile 
acids in 84 samples of whole grapes, representing about 55 varieties, 
are given in Table 2. Sixty samples, representing about 41 varieties, 
did not contain a measurable quantity of anthranilic acid ester. 
The quantities of anthranilic acid ester in the other samples varied 
from 0.05 to 3.80 mgm. per kilogram. The samples which contained 
the larger quantities of anthranuic acid ester were more fragrant and 
more highly flavored than the others, except two samples of the 
Campbell variety, which contained no anthranilic acid ester but did 
contain exceptionally large quantities of other volatile esters. The 
volatile esters appeared to vary directly with the fragrance and flavor 
of the grapes. The three varieties of the vinifera species (Tokay, 
Cornochon, and Malaga) did not contain anthranflic acid ester. 
Power and Chestnut (7), who examined two comparatively fresh 
samples of pasteurized grape juice of this species (Muscat and Petite 
Sirah), found no anthranilic acid ester. Five additional samples of 
juice of this species (Burger, Sauvignonvert, Zinfandel, Alicante, and 
Bouschet) examined by them also gave no reaction for anthranilic 
acid ester. These data indicate that grapes of the Vi^is vinifera 
species do not contain anthranilic acid ester. The one sample of 
Cunningham variety of whole grapes {Vitis bourguiniana) which 
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was' examined contained 0.10 mgni. of anthranilic acid ester per 
kilogram. Power and Chestnut (7) reported negative results on a 
sample of grape juice of the species V, hourguiniana, variety 
Herbemont. 


Table 2. —Flavor in authentic and commercial samples of whole grapes, 1924 

1925 



'O 





.'S 


•CJ 



% 

ta 

CO 

S'! 


% 

§ 



Variety and species * 

hranilic 

ester 

CO 

‘S 

03 

.2 

o>Zi 

III 

Variety and species * 

1$ 

.2 

1 

O 

1 

CJ CO 

IP 


a 

"p 

1 




o 

:o 




> 

> 




> 




Milligrams per 

Per 


Milligrams per 

Per 


kilograv 


cent 


kilogran 


cent 

Lutie (L). 

0.00 

28 

37 

0.0 

Tokay ^ (V).. 

0.00 



0.0 

Do. 

.00 

141 

35 

.0 

Cornochon « (V). 

.00 


__ 

.0 

Alice (L). 

.00 

57 

35 

.0 

Malaga«(V). 

.00 



.0 

Do. 

.00 



.0 






Vergennes (L). 

.00 

6 

3 

.0 

Diogenes (RL). 

4 00 



.0 






Do. 

f.oe 



.0 

Bertha (L). 

.00 

84 

84 

.0 

Franklin (RL). 

.00 



.0 

Early ViVtinr (DB). 

f.QO 

38 

62 

.0 

Do. 


46 



Valhallah (LCRVB).. „ 

/.oo 



.0 

Stray. 

400 




Requa (LV). 

/.oo 


. 

.0 






Do. 

4 00 



.0 

Louisiana (B). 

.00 

8 

35 

.0 






Do. 

.00 

14 

46 

.0 

Cuyahoga (LV). 

4 00 



.0 

Canada (LV). 

.00 

14 

23 

.0 

Lihdloy (LV). 

4 00 



.0 

Stray. 

.00 

39 

16 

.0 

Jefferson (LV). 

400 



.0 

Do. 

.00 

113 

46 

.0 

Kingsessiug (LV). 

4 00 



.0 

Do. 

.00 

15 

63 

,0 

Iona (LV). 

.00 



.0 

Marguerite (LiB). 

400 



.0 

Do. 

.00 

51 

39 

.0 

Big Hope (LiLV). 

.00 

174 

121 

.0 

Do. 

.00 

156 

59 

,0 

Cloeta (LiRuLV)... 

.00 

20 

48 

.0 

Do. 

.00 

Id 

16 

.0 

Rogers No. 32 (LV). 

.00 



.0 






Do. 

.00 

37 

59 

.0 

Oan^hell (LV). 

.00 

360 

70 

.0 






.00 

366 

52 

.0 

Hartford (LV). 

.05 




Rebecca (LV). 

.00 

51 

30 

.0 

Arkansas (L). 

.07 




Do. 

.00 



.0 

Cunningham (B). 

.10 




Ligbtfoot (LV). 

.00 

71 

29 

.0 

Salem »(LV). 

.12 

19 

61 

.4 

Essex (LV). 





Brighton »(LV). 

.12 

64 

71 

.1 

.00 

16 

3 

.0 





Merrimac (LV)«.. 

.00 

52 

33 

.0 

Etta (RL). 

,14 




Mills (LV). 

.00 

17 

8 

.0 

Rogers No. 32 (LV). 

.27 

29 

35 

.5 

Do. 

.00 



.0 

Cottage (L). 

.28 

188 

62 

.1 

Salem (LV). 

.00 



.0 

Do. 

.30 

192 

53 

.1 






Loretto (L)... 

.30 

130 

40 

.1 

Diana (LVA). 

.00 

48 

48 

,0 





Do. 

.00 

51 

27 

.0 

Delaware ^ (LBV). 

.36 




Brilliant (LVB). 

.00 



.0 

Do. 

.50 




Do. 

I .00 

9 

67 

.0 

Pearl (RL). 

.90 

6 

22 

8.8 

Do. 

.00 

17 

51 

.0 

Concord (L).. 

.91 




Brilliant (seed) (LVB)- 

.00 

1 

16 

37 

.0 

Pearl» (RL). 

.95 

7 

23 

7.9 

Bailey (LiLV)..... 

i .00 



.0 

Concord v (L). 

1.39 

67 

9 

1,4 

Mary Favorite (RL). 

5 .00 

39 

47 

.0 

Do. 

1.40 

103 

53 

.8 

Do. 

.00 

42 

28 

.0 

Fern Munson (I..iLV).,. 

1.40 




Do. 

.00 

50 

42 

.0 

Concord »(L). 

1.70 




Clinton (RL). 

; .00 

8 

7 

.0 

Niagara o (LV). 

2.72 

46 

7 

3.4 

Do. 

.00 

8 

5 

.0 










Concord » (L). 

3.50 

170 

60 

1.2 

Gaertner (VL). 

; .00 



.0 

Stray. 

3.75 




Goethe (VL). 

,00 

6 

37 

.0 

Concord « (L). 

3.80 

170 

60 

1.3 


« L, labrasca; B, bourquimana; C, eandicans; R, riparia; V, vinifera; A, aestivalis; Li, lincecumii; Ru, 
rapestris. 

Expressed as methyl anthranilate. 
e Expressed as ethyl acetate. 

^ Expressed as acetic acid- 

« Anthranilic acid ester calculated to ethyl acetate. 

f Analysis made on 100 to 400-gm, samples; all others on 500-gm. sample. 

9 Commercial samples represented to be of the variety and species indicated; all others were authentic. 

Table 3 shows the distribution of flavor as represented by 
titttjbranilic acid ester and total esters in different parts of grapes. It 
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has been generally thought that the volatile flavor of grapes resides 
almost wholly in the skins. This is not the case, however, as 32, 29, 
38, and 44 per cent of anthranilic acid ester, and 56 and 51 per cent 
of total volatile esters, were fomid in the drained pulp. It is interest¬ 
ing to note also that one-half or more of the total anthranilic acid 
ester, and more than one-third of the total volatile esters, remain in 
the pomace, to be lost unless the pomace is worked over for “second 
pressing juice. The sample of commercial pomace which had been 
dried contained a large quantity of flavor. The largest quantity of 
anthranilic acid ester which was found was 19.5 milligrams per 
kilogram of pressed skins of the Concord variety of grapes. 

Table 3.— Distribution of flavor hi different parts of the grape 


Variety « and 
species * 

Preparation of sample * 

Anthranilic acid ester*' 

■a 

CO 

o 

o 

"S 

o 

> 

Volatile acids » 

Antliranilic acid ester 
in volatile esters 

Juice, skin, or pulp / 

Anthranilic acid est¬ 
er » 

Volatile esters» 

Volatile acids » 



^fg. 

Mg. 

Mg. 








per 

ver 

per 







Juice: 

liter 

liter 

liter 

P.ct. 

P.ct. 

P.ct. 

P.ct 

P.ct. 

Delaware (LBV)... 

Pressed from whole grapes 

0.15 

70 

22 

0.1 

?5 

24 

57 

32 


(hot). 









Do.... 

Pressed from whole grapes 

.15 

21 

18 

.4 

88 

24 

64 

13 


(cold). 









Do. 

Pressed from skiD^ and 

. 18 




34 

18 




drained from pulp. 









Niagara (LVl 

Pressfifl rrnrn whole grajies 

2.50 

11 

26 

13.3 

85 

44 




(hot). 









Do.i 

Pressed from whole grapes 

2.08 

20 

n 

6.0 

90 

40 




(cold). 









Do .' 

Pressed from skins and 

2.33 




46 

48 



I 

drained from pulp. 









Concord (L).,..1 

Pressed from skins_ 

4.4 

128 

53 

2.0 

33 

37 

32 

30 

Do ....I 

Drained from pulp_ 

1.6 

75 

9 

1.3 

15 

6 

8 

23 

Do . 

Drained from skins and 

1.7 

83 

32 

1.2 

31 

16 

22 

17 


Pressed sMns, pulp, and seeds: 









Delaware (LBV)... 

Hot . 

K 47 

*53 

*46 

.5 

25 

76 

43 

68 

Do . 

Cold . 

*.47 

*12 

*119 

2.3 

12 

76 

36 

87 

Niagara (LV)_ 

Hot.. 

*3.23 




15 

56 



Do. __ 

Cold . - .. 

*.1.07 


1 

10 

60 



Delaware (LBV)_ 

Pressed skins _ 

* 2.15 


1 

8 

50 



Niagara (LV)_ 

„ do . 

* 13.1 



4 

23 



Concord (L) . 

.do . 

* 19.5 

* 127 

*58 

9.0 

4 

19 

4 

4 

Do. 

Drained skins _ 

*6.0 

*149 

* 126 

2.4 

21 

40 

2 *; 

46 

Delaware (LBV)_ 

Drained pulp __ 

*. 20 




55 

32 



Niagara (LV). 

.do.-. 

*1.43 




44 

29 



Concord (L). 

j .do.-.— 

*3.0 

*154 

*49 

1.1 

48 

88 

50 

43 

Do. 

i.do. 

*3.0 

*129 

*48 

1.3 

47 

44 

51 

37 

Do. 

i Commercial dried pomace_ 

*16.0 

*69 

*28 

13.4 










! 






« Commercial samples represented as being of the variety indicated. 

L, labrusca; B, bourquiniana; V, vinifera. 

« Expressed as methyl anthranilate. 

** Expressed as ethyl acetate. 

« Expressed as acetic acid. 

/ Quantity based on weight of whole grapes. 

0 Based on total quantities in whole grapes. 

* Milligrams per kilogram. 

Data showing change of flavor in grape juice during storage are 
set forth in Table 4. These data indicate that the content of anthra¬ 
nilic acid ester varies inversely with the period of storage. This is 
especially noticeable in the case of the Niagara grape juice, no 
anthranilic acid ester having been found in the sample which had 
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been stored 5 years, whereas a sample of fresh juice contained 2.08 
mgm. of anthranilic acid ester per liter. The low %ures for Concord 
grapes in 1924 may be due to a number of factors. The volatile 
flavor in grapes is probably subject to seasonal variation, although 
no data definitely prove it. Caldwell (Jf) has shown that climatic 
conditions, especially the amount of sunshine during the growing 
season, markedly anect the total sugar content, total astringency, 
and titratable acidity of grapes. The fact that the grape-growing 
season of 1924 in the eastern part of the United States had less sun¬ 
shine than that of 1919, 1920, 1921, 1922, 1923, and 1925 may 
explain the low figures reported. 

Table 4. —Change in flavor of grape juice durmg storage 


Variety and species « 


Agawam (LV). 

Do. 

Do. 

Do. 


Catawba (LV). 

Do. 

Do. 


Conwr{i*(L).. 1925 

Po.-... 1924 


Do.«.. 

Do.*.. 

Do.«.. 

Do.',. 

Do... 

Do... 

Do... 


Crop 


1923 

1921 

1920 

1919 


1921 

1919 


Delaware (LBV), 

Do. 

Do. 

Do. 


Ires (L\). 
Do.... 
Do..,. 


Niagara (LV), 

Do.. 

Do. 

Do. 

Do. 

Do. 


1924 

1923 

1923 

1922 

1921 
1920 

1919 

1924 

1923 

1920 

1919 

1923 

1920 

1919 

1924 
1923 

1922 

1921 

1920 
1919 


Years 
in stor¬ 
age 


Anthra¬ 
nilic acid 
aster 


Volatile 
esters ® 


grems perl 
liter 
0.00 
.00 
.00 
.00 


.00 

.00 


.80 


.50 

.76 

.70 

.17 

.20 

.06 

.15 

.00 

.00 

.00 

1.10 
,16 
.07 

2.08 

.68 

.55 

.18 

.12 

.00 


Milli- 
grams per\ 
liter 


37 


Volatile 
acids ^ 


MillU 
grama per 
liter 


13 

10 

8 


16 

16 


»L, labrusca; V, vinifera; B, bourquiniana; A., aestivalis. 

6 E.tpressed as methyl anthranilate. 

« E.xpressed as ethyl acetate. 

^ E.xpressed as acetic acid. 

« Commercial samples believed to be of tie variety indicated. Pressed hot, bottled, and pasteurized. 
AH other samples were authentic, and were pressed cold, bottled, and pasteurized. ^ 


The following experiment was conducted to supplement the data 
which indicated a loss of volatile flavor during storage. A sample 
of commercial grape juice examined on July 15, 1924, contained 1.35 
mgm. of anthranilic acid ester per liter. To this sample was added 
methyl anthranilate in the proportion of 5.21 mgm. per liter. The 
sample, which then contained 6.56 mgm. of anthranilic acid ester 
per liter, was stored for about 10 months. On May 26, 1925, it 
contained 4.05 mgm. of anthranilic acid ester per liter, a decrease of 
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2.51 mgm. per liter* It was then stored for a further period of 8 
months, at the end of which time (January 29, 1926) it contained 
only 0.70 mgm. of anthranilic acid ester per liter. The data on 
volatile esters in Table 4 are not suflScient to warrant any conclusions. 

Data on the flavor in 14 samples of commercial bottled grape 
juices are given in Table 5. ^ The anthranilic acid ester varied from 
0.00 to 1.35 mgm. per liter in these samples. The volatile esters in 
8 of the samples varied from 5 to 29 mgm. per liter. 

Table 5.— Flavor in 14 samples of commercial 0^pe juice 


Sample 

A . 

Variety and species « 

1 

Antbra- ! 
nil ic acid 
ester ** 

1 

1 

! Volatile 
: esters 

Volatile 

acids 

Anthra* 
nilicacid 
ester in 
total 
volatile 
esters • 


MilU- 
grans pn 
liter 
0.00 
.00 
.00 
.10 
.10 
.20 
.25 
.35 
.35 
.40 
.45 
.66 
.85 
1.35 

mill- 
gram per 
mtr 

MilU- 
grams per 
liter 

Per cent 
0.0 

.0 

.0 

.6 

B. 

CataWba/ LV . i 



C.. 

Cataw'ba flY. .. i 



D. 

Concord / L .. . . .i 

17 

7 

E. 

Concord-^1- .. 

E. 

Concord/!• .... 

5 

5 

5 1 
! 

6 ■ 

70 

37 

43 

69 

99 

97 

2.3 

2,9 

2.5 

4.1 
4.7 

6.2 

IT 

Concord ... 

G. 

Concord It..... . 

H. 


I. 

7 

J. 

7 

n. 

7 

K.! 

Concord /■ L...... 

29 

12 i 

1.7 

G. 

Concord ^1/ __-__ 







“ L, labruscja; V, vinifera. 

^ Expressed as methyl aathranilate. 

Expressed as ethyl acetate. 

** Expressed as acetic add. 

* Anthranilic acid ester calGtilated to ethyl acetate. 
f Variety obtained from the bottle labels and therefore not authentic. 


CONCLUSIONS 

Anthranilic acid ester in grapes, grape products, and imitation 
grape preparations can be determined quickly and accurately by a 
new method developed in the Bureau of Chemistry of the United 
States Department of Agriculture. 

The content of anthranilic acid ester, and of total volatile esters 
is a true measure of the intensity of aroma in grapes and grape 
juices. 

The anthranilic acid ester in 84 samples of whole grapes, repre¬ 
senting about 55 varieties, varied from 0.00 to 3.80 mgm. per kilo¬ 
gram. The volatile esters and volatile acids in 50 samples, repre¬ 
senting about 34 varieties, varied from 6 to 366 and from 3 to 121 
mgm. per kilogram, respectively. 

Anthranilic acid ester has not been found in the fruit of Vitis 
vinifera. The determination of this ester, therefore, appears to be 
of value in identifying species. 

Contrary to general opinion, the volatile flavor of grapes is not 
contained almost wholly in the skins Substantial proportions are 
found in the pulp. Nearly as much volatile flavor remains in the 
pomace as is contained in the expressed juices. 




































310 


Journal of Agrkuliural Research 


Vol. 33, No- 4 


Anthraiiilie acid ester tends to disappear from gmpe juice which 
is stored. This fact may explain the deterioration in flavor of 
certain commercial bottled grape juices. 

The anthranilic acid ester in 14 samples of commercial bottled 
grape juices of unknown origin varied from 0.00 to 1.35 mgm. per 
liter. The volatile esters in 8 of these samples varied from 5 to 29 
mgm. per liter. 
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Smne T , ok. 

man (fig. 2, G, H, N) spicules with bluntly rounded tips were found|| 
Similar spicule tips were found in cer tain specimens from swine <£gj 
2,1). Some specimens from swine had gradually tapering spicule tip# 
which terminated in sharp points (fig: 2, O). In one specimen fmnf 
a pig (fig. 2, K) a spicule tip very simi^r to that figured by Schiieide| 
for the human Trichuris (fig. 2, L) Was found. x f 

It is evident from these observations that the shape of the spicuhl 
tip is variable in Trichuris from man, monkeys, and swine, and tha|« 
there is no relation between the shape of the spicule tip and the host I 
from which the vrorm was obtained, practically the same range of| 
variation occurring in all hosts. 

The shape of the sheath presented a similar range of variation, as 
may be seen by comparing G, H, I, and N of Figure 2, which show! 
practically the same type of sheath in specimens from man, the 
chimpanzee, and the pig as that figured by Schneider (fig. 2, L) (S]j. 
as characteristic of the sheath in the human Trichuris. J, M, and" 


sheaths-from the human Trichuris have been . figured by Goeze 
(fig. 1, A) (3) and by Urioste (fig. 1, F) (10). Davaine's figure 4^) 
of the spicule sheath of Trichuris from man (fig. 1, E) is very similar 
in shape to the figure given by Schneider as characteristic of Trich-f 
uris from the pig (fig. 2, P). [ 

As far as the abundance and shape of the spines are concerned,: 
the present writer found specimens from the chimpanzee in whichl 
the spines were practically absent in the posterior region of the sheath|3 
(fig. 2, G, H), a character which Schneider considered specific foil 
the swine whipworm. In a specimen of Trichuris from man (fig. 2,^ N’)! 
the pointed spines in the posterior region of the wor m argj*ep lacedf 
by blunt scaly spines, whereas in most specimens of 
worms examined the entire sheath was thickly covered with pointe^j 
spines, the latter a character considered by Schneider as speolficl k 
Trichuris from man. 1 

On the basis of these observations it appears that neither the stap^ 
of the sheath, nor the abundance and shape of the spines on tM; 
posterior part of the sheath, nor the character of the tip of the sp ici^e | 
is of specific value in differentiating Trichuris from man, 
and swine, because the same degree of variation with respect to theses 
characters occurred in the parasites examined from all the hoste men¬ 
tioned, The spicule sheath in Trichuris is a retractile organ and 
apparently capable of considerable expansion and contraction, since 
the sheath in retracted position is much narrower than when extruded^ 
The abundance and shape of spines may possibly be correlated with] 
the age or with other conditions of d^ermt specimens, or thesd 
characters are notmally exceedingly variable. The observations re 
corded in this papNBr are in harmony with the discrepancies in shape ^ 
the different figures of the posterior end of the male cf*Trioh$!® 
from man and from swine, and they support the doubts express^ 
by Creplin (1) and Leuckart (4) concerning the validity of T- 
tm as a species totinct from T. dis'j^r (= T, tricMura), and they lea» 
the present writer to the conclusion that as far as morphologies, 
oiganization is concerned the swine whipworm belongs to the sarul 
species as that occurring in man and in certain other primal^ 
The name Trwhuris suis must therefore be considered a synonym J 
T. tricMura, ^ 



Journal of Agricvltural Research 


M . In view of the medical significance of the conclusion that the swine 
^and human whipworms are zoMogically indistinguishable, it is highly 
important to determine whether these worms have developed specific 
host adaptations, or whether tt^ embryonated eggs of the worms from 
pne host species will be infectious for the other host species. While 
I’experiments on man are practically precluded, or at least of doubtful 
advisability, experiments involving feeding embryonated eggs of 
biuman w^hipwmrms to swdne and of embryonated eggs of swine whip- 
fworms to monkeys will be undertaken as soon as the necessary 
^material has been successfully cultured. 

SUMMARY 

A morphological comparison of whipwmrms (Trichuris) from man, 
the chimpanzee, Cercopithecus, and swine, has shown that the worms 
from, these hosts are morphologically indistinguishable, as far as they 
Riave been compared. Schneider’s differentiation between whip- 
t rorms from man and other primates and those occuring in swine 
p ^ve been shown to be due to individual variation, since the char- 
^i^ters regarded by Schneider as specific for whipworms from primates 
' present in whipworms from swine, and vice versa. Trichuris suis 
land its synonyms (T, cremtus and jT. apri) must for the present be 
iregarded as synonyms of Trichuris irichiura. 

I Since the probability that the human and swine whipworms are 
pdentical implies the possible necessity for taking cognizance of swine 
las sources of infestation for man, it is important that the possible 
I transmission of Trichuris from man to swine and from swine to man, 
|or at least to other primates, be investigated experimentally, and 
It is hoped to carry out such experiments at an early date. 
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LABORATORY EXPERIMENTS WITH ARSENICALS IN THE 
CONTROL OP THE CODLING MOTH ‘ 


* Bj’ E, J. Newcomer 

Associate Entomologist, Decidimus-Fndt Insect hwestigctions. Bureau of Bnto- 
mologg, United States Department of Agriculture 

INTRODUCTION 

It has been the experience of inrestigators in codling-moth control 
that orchard-plot tests of various spray materials are not always 
dependable, ’^^ere the difference in results is expected to be small, 
owing to the variation in the treatment, the difference is often entirely 
obscured by factors over which the investigator has little or no con¬ 
trol. It is" well known that natural variations in infestation occur- 
even in small orchards. These may be due to different varieties, to 
the presence of an adjacent badly infested orchard, or to a fruit, 
packing house. But variations often occur wdiere they would not be 
expected, and where they can not be forecast. 

Several methods have been suggested to overcome these varia¬ 
tions. It is possible to spray the whole experimental plot alike the 
first year, and determine the variation by examining the fruit from a 
number of trees suitably distributed over the plot. Ball {ly recog¬ 
nized the fact that variations occurred, and employed a method of 
^ comparing the sprayed trees with adjacent unsprayed trees, giving 
^ his results in terms of efficiency rather than in terms of percentage of 
wormy fruit. Felt (3) mentioned a possible relation of the number 
of stings^’ to the total number of wormy apples, and Melander (10) 
suggested employing the ratio of worms to stings to show the results 
from different treatments. The use of more modern statistical 
methods may also help to eliminate some of the errors due to natural 
variations. 

Laboratory tests, consisting of feeding sprayed foliage to insebts 
or^ their larvae, have been conducted by various investigators, 
notably Tartar and Wilson Scott and Siegler (IB), Lovett (S), 
and Cook and Mclndoo (3), This method does not seem to have 
been employed with the codling moth,® and it seemed to the “writer 
that many of the uncontroUaWe factors met with in codling-moth 
work could behvoided by its use. Accordingly, the “writer has made 
a large number of laboratory tests, consisting essentially of spraying 
a ^ven number of apples, placing a riven number of newly hatched 
codling-moth larvae on them, and later recording the number of 
worm holes and stings. This method can be used to show the relative 
value of various arsenicals, of various dilutions of arsenicals, and of 
combinations of arsenicals with other spray materials.. The ease 
with which it can be employed enables the investigator to carry out 
a laige number of tests in a single season and to make direct compari- 


» Eeceivacl for poWication I>ec. 30, 1925; issued August, 1926. 

* Reier^ice isumde by number (italic) to “Literature cited,” p. 329. 

» Ealpb H. Smitb bas made a number of tests of this nature, and has presented some of the results in a 
paper entitted “Expenmeuts on the Efficiency of Lead Arsenate in Protecting Apples ag^st Codling 
Moth In|ury,” This paper was read before the meeting of the Pacific Slope Branch (rf the American 
Associaticm oi Economic Entomolt^ta^ June 27,1924. 
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suns of a relativdv large number of Tariations in the treatment. 
Obviously, this metliod gives only an index of the value of the material 
used at the time it is applied. "It is of no value in determining the 
durability or adhesiveness of the arsenicals, or of the relative effect 
of various methods of application (such as by means of the spray 
gun or rod), or of various numbers of applications, though it has 
been used to show the difference between light and heavy applica¬ 
tions of spray. 

The VTiter has made nearly 300 tests of this nature in 1922, 1923, 
and 1924, at the fruit-insect investigations laboratory of the United 
States Bureau of Entomology at Yakima, Wash. 

METHODS 

After sonie experimenting, the following method, designed to elim¬ 
inate experimental error as far as possible, was employed. Only 
unsprayed apples free from worms were used. Jonathans were used 
for all d the tests in 1923; Arkansas Blacks were used in 1924, they 
being available in larger quantities. The calyx was cut from each 
apple and the wound was filled with melted paraffin, which prevented 
worms from entering the calyx. The apples were then suspended 
from strings by their stems in an outdoor shelter. A sticky tree¬ 
banding material was put around the strings to prevent stray worms 
from crawling down to the apples, since large numbers of worms were 
being reared m the shelter. 

The spray was applied with a small hand sprayer, the apples being 
rotated to insure an even coating. When the apples were thoroughly 
dry, newly hatched larvae were carefully placed on them by means of 
a cameFs-hair brush. These larvae were obtained from jars in which 
moths had deposited large numbers of eggs, and they were trans¬ 
ferred to the apples as fast as they hatched. Care was taken to use 
only fresh, active larvae. The larvae available from any one jar 
were distributed as evenly as possible on all the apples used, in case 
there should be a difference in the vitality of different lots of larvae. 
Usually all were placed within 36 hours oi applying the spray. 

In 1923 three apples were used for each experiment, 50 larvae being 
placed on the three apples, 16 on one of them and 17 on each of the 
other two. InY924 five apples were used and 10 larvae were placed 
on each. Usually 10 or 12 tests were made at the same time, materials 
that were to be directly compared being tested. For example, the 
experiments made one day would include only different strengi-ns 
of lead arsenate, whereas those made another day would include 
different arsenicals, or arsenicals with and without other materials. 
Each test was repeated several times. 

In all of the t€®te of a given material for each year, material from 
the same container was used, and only one brand of material was used 
for all of the tests, except where tests of different brands were made. 
The lead arsenate used m all of the tests was acid lead arsenate. 

Hke worm entrance holes and stings were counted 10 days after > 
the last larvae had been placed on the apples. Blemishes extending 
not more than one-foxnrth of an inch into the flesh were considered as 
stings. A few of the larvae may have produced both a sting and a 
hole, but for the most part the dead larva could be found in thp ' ^ 
;wMIe in the case of the wormhole the larva was still alive ano 
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. . RESULTS OF TESTS 

In 1922 the tests were of a preliminary nature, and were of value 
chiefly in determining the best method to employ. The 1923 tests 
(aU made with second-brood larvae) gave some good results, although, 
owing to a scarcity of larvae part of the time, it was not always 
possible to make tlie desired comparisons on the same date. Com¬ 
parative tests not made on the same date have been eliminated from 
the tables, as there is danger of error due to differences in the maturity 
of the apples and to possible differences in the vitality of the larvae. 

In 1924 plenty of larvae were available, and it was possible to make 
the comparative tests on the same dates. For the most part, two 
tests were made with first-brood larvae, and one test with second- 
brood larvae. 

In presenting the results of these tests in the tables, it has been 
necessary to give only the summary of all the tests made with any 
given material or combination of materials. The total number of 
worms used is not shown, since in each case it is equal to 50 times the 
number of tests made. The percentage of worms producing worm¬ 
holes and the percentage producing stings are both recorded. 

The more effective treatment is one that not only reduces" the 
number of larvae producing wormholes or total blemishes, but also 
causes more of the larvae that do produce blemishes to die after pro¬ 
ducing only a sting. In other words, the more effective treatment is 
accompanied by more stings than the less effective treatment, but 
the reduction in the munber of wormholes is relatively greater. 
This production of stings appears to be unavoidable, because rather 
siow-actii^ poisons must be used to avoid injury to the fruit or 
foliage. Fortunately, stung apples are usually worth four or five 
times as much as wormy apples, though not as much as entirely 
sound fruit. It was on account of this increase in the relative num¬ 
ber of stings with the more effective treatments that Melander {10) 
suggested using the ratio of worms to stings in presenting results of 
spraying tests. For the same reason the number of stings per worm- 
hole is shown in the tables in this paper, as well as the percentage 
of larvae producing wormholes and stings. This ratio of stings to 
wormholes is, as a rule, greater in the more effective than in the less 
effective treatments. In aU of the tests, comparison is made with 
powdered lead arsenate, diluted to 1 pound to 50 gallons of water, 
t|^s being considered the standard treatment. 

CASEIN SPREADER 

Very little has been published to show whether the addition of 
casein spreaders to insecticides increases their effectiveness- Lovett 
(S), in orchard tests against the codling moth in 1918 and 1919, 
obtained approximately equal results mien he used half-strength 
lead arsenate with casein spreader, and full-strength lead arsenate 
without spreader. Steams and Hou^h {19^ 20) ^ using the standard 
quantity of lead arsenate, with and without casein spreader, reported 
no difference in results against the codling moth and other biting in¬ 
sects. Newcomer {11) obtained slightly better control of the codling 
.moth with spreader added to the lead arsenate than without. No 
Jaboratory t^ts appear to have been reported. 
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In 1923 the present writer made a number of laboratory tests with 
the codling moth, using a prepared casein spreader containing ap¬ 
proximately 20 per cent of casein and 80 per cent of hydrated lime. 
This was added to the standard dilution of powdered lead arsenate 
at the rate of one-fourth pound and one-half poimd to 50 gallons. 
A test was also made with three applications of the latter strength 
spraj^ed on within a few minutes of each other. It was thought that 
a thicker coat of spray might be obtained in this way. These tests 
are reported in Table 1, and show a decided improvement in control 
where the spreader was added. In test 2, with one-fourth pound of 
spreader, only a few more than half as many larvae entered the fruit 
as with the standard treatment in test 1, and the number of stings 
was slightly less. In test 3, with double the amount of spreader, the 
results were not as good as in test 2, but were better than in test 1. 
Test 4, sprayed three times, gave approximately the same results as 
test 3. 

In 1924 these tests were repeated, and spreader at the rate of 
one-eighth pound to 50 gallons was also used. The results reported 
in Table 2 show that this quantity (test 2) was the best of those 
tried, and the number of vrorms entering the fruit was progressively 
greater as the amount of spreader was increased (tests 3 and 5). 
In test 4, sprayed three times, noticeably better results were obtained 
than in test 3, which was sprayed once. All of the tests with spreader 
gave better results than where no spreader was used. 

Table 1. —Comparison of effectiveness of lead arsenate when used with and without 

casein spreader against the larva of the codling mothj Yakimaf Wash.f 19^8 


Test 

No. 

Material 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
WOTm- 
holes 

Per 

cent 

woony 

Num¬ 
ber Of 
stings 

Per 

cent 

stung 

1 Per 
cent 
total 
blem¬ 
ishes 

Num¬ 
ber of 
stings 
per 

worm- 

hole 

1 

Lead arsenate, 1-50; no spreader... 

4 

47 

23.5 

47 

23.5 

47.0 

1.00 

2 ' 

Lead arsenate, 1-50; casern spreader, M-50. 

4 


12.5 

35 

17.6 

30.0 I 

1.40 

3 

Lead arsenate, 1-50; casein sprier, . 

4 

28 

14.0 

53 

26.5 

40.5 

1.89 

4 

Lead arsenate, 1-410: casein spreader, 34-50; spayed 
3 tim^.-.L- 

4 

30 

15.0 ’ 

47 

23.5 

38.5 

1.57 

5 

Control (unsprayed)... 


125 

62.5 ; 

15 

7.5 

70.0 

.12 


Table 2. —Comparison of effectiveness of lead arsenaie when used with and without 
casein spreader (gainst the larva of the codling moth^ Yakima^ Wash,, 1924 


Test 

No. 

Material 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 

worm- 

hole 

1 

liead arsenate, 1-50; no spreader...... 

3 

40 i 

26.7 

34 

22.7 

49.4 

0.85 

2 

Lead jusenate, 1-50; casein spreader, H-50.. 

Le^ 1-^50; casein spreader, H-SO . 

3 

22 

14.7 

30 

20.0 

34.7 

1.36 

3 

3 

28 

18.7 

26 

17.3 

36.0 

.93 

^ i 

Lead arsenate, 1-50; casein spreader, M-SO; sprayed 
3 times—.' 

3 

20 

13.3 

m 

13.3 

26.6 

1.00 

5 ' 

Lead arsenate, 1-50; casein spreader, 34-50. 

3 

37 

24.7 ' 

: 24 

16.0 

40.7 

.65 

6 

Contrel (unsprayed). 

3 

83 

55.3 

6 

4.0 

59.3 

.07 
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Casein spreader was also added to various strengtiis of lead arsenate 
and to otner arsenicals and spray combinations. The results are 
noted in the discussions of the respective experiments. The results 
obtained where casein spreader was used were better than where it 
was not used, with one exception (tests 8 and 11 , Table 11 ), but in 
this case it is possible that a reaction occurred between the lime in 
the spreader and the calcium arsenate, which affected the results. 

The addition of casein spreader to the lead arsenate gave a greater 
improvement in control in these laboratory tests than has been ob¬ 
tained in orchard tests. This suggests that, when freshly applied, 
the coating of poison with the spreader is much more effective than 
that without, this being due perhaps to greater uniformity of the 
coating; but that the coating with spreader is not as durable, due 
possibly to its being thinner and thus being rendered ineffective more 
rapidly bv the growth of the fruit or by being rubbed off. 

After the spreader was added to the spray, better spreading was 
accomplished when the spray was allowed to stand for about five 
minutes before using than if it was used immediately. 

STRENGTH OP LEAD ARSENATE 

Lead arsenate is ordinarily used against the codling moth at the 
rate of 2 pounds of paste or 1 pound of powder to 50 g^ons of water, 
and this amount has become the standard recommendation. E. D. 
and W. M. Ball {!) obtained an efficiency of 90 per cent with paste 
lead arsenate used at the rate of 2J4 pounds to 50 gallons, and only 
80 per cent efficiency with the same material used at the rate of 1 )^ 
pounds to 50 gallons. These tests were made under rather wormy 
conditions. Melander (S), working imder favorable conditions, re¬ 
ported very little difference with paste lead arsenate at various 
strengths from 1-12 to 1-80. De Sellem {4) obtained better results 
with the paste lead arsenate at 2-50 than at 1-50, and equal results 
with powdered lead arsenate at 1-50 and at )^-50, with a rather light 
infestation of worms; and Siegler and Plank {18), working in a very 
wormy orchard, apparently obtained better results with powdered 
lead arsenate at ^-50 than at 1-50. A comparison of the total 
number of stin^ with the total number of worms in the latter case, 
however, is in favor of the larger quantity of lead arsenate. All of 
these tests were orchard tests, and there is a probabihty that other 
factors influenced the results. 

Lovett (8), in laboratory tests with tent caterpillars, obtained 
more rapid lolling as the strength of paste lead arsenate was increased 
from J4-50 to 2-50, and chemical analyses showed more arsenic 
oxide (AS 2 O 5 ) m the bodies of the caterpillars as the strength was in¬ 
creased. 

The present writer made a number of tests with the codling moth, 
using powdered lead arsenate at various strengths from one-half 
pound to 3 pounds in 50 gallons of water, both with and without 
casein spreader. The lead arsenate used was guaranteed to contain 
31 per cent of As 20 s. The tests in 1923 were incomplete, owing to 
a scarcity of larvae, and only the results from two strengths of lead 
arsenate are given in Table 3. A complete series of tests was made 
in 1924, and the results are given in T^le 4. 
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In 1923 the present writer made a number of laboratory tests with 
the codling moth, using a prepared casein spreader containing ap¬ 
proximately 20 per cent of casein and 80 per cent of hydrated lime. 
This was added to the standard dilution of powdered lead arsenate 
at the rate of one-fourth pound and one-half pound to 50 gallons. 
A test was also made with three applications of the latter strength 
sprayed on within a few minutes of each other. It was thought that 
a thicker coat of spray might be obtained in this way. These tests 
are reported in Table 1, and show a decided improvement in control 
where the spreader was added. In test 2, with one-fourth pound of 
spreader, only a few more than haK as many larvae entered the fruit 
as with the standard treatment in test 1, and the number of stings 
was slightly less. In test 3, with double the amount of spreader, the 
results were not as good as in test 2, but were better than in test 1. 
Test 4, sprayed three times, gave approximately the same results as 
test 3. 

In 1924 these tests were repeated, and spreader at the rate of 
one-eighth pound to 50 gallons was also used. The results reported 
in Table 2 show that this quantity (test 2) was the best of those 
tried, and the number of worms entering the fruit was progressively 

g eater as the amount of spreader was increased (tests 3 and 5). 

. test 4, sprayed three times, noticeably better results were obtained 
than in test 3, which was sprayed once. " All of the tests with spreader 
gave better results than where no spreader was used. 

Table 1. —Comparison of effectiveness of lead arsenate when used with and without 
casein spreader against the larva of the codling tnothj Yakima, Wash., 19BS 


Test 

No. 

Material 

• 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 

worm¬ 

hole 

1 

Lead arsenate, 1-50; no spreader... 

4 

47 

23.5 

47 

23.5 

47.0 

1.00 

2 

Lead arsenate, 1-50; casern spreader, Ji-50. 

Lead arsenate, 1-50; casein spreader, 1-^50. 

4 

25 

12.5 

35 

17.5 

30.0 

1.40 

3 

4 

28 

14.0 

53 

26.5 

40.5 

1.89 

4 

Lead arsenate, 1-50; casein spreader, J5-50; sprayed 
3 times.... 

4 

30 

15.0 

47 

23.5 

38.5 

1.57 

5 

Control (unsprayed). 

4 

125 

62.5 

15 

i 

7.5 

70.0 

.12 


Table 2. —Comparison of effectiveness of lead arsenate when used with and without 
casein spreader against the larva of the codling moth, Yakima, Wash., 1924 


Test 

No. 

Material 

Num¬ 
ber (rf 
tests 

Num¬ 
ber of 
wcffm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 

worm- 

hole 

1 

Lead arseaate, 1-50; no sjMmder. 

3 

40 

26.7 

34 

22.7 

49.4 

0.85 

% 

Lead arsenate, 1-50; casein spreader, H-SO .. 

Lead mmmte, 1-50; casein si^eader, Ji-50. 

Lead ars^jate, 1-50; casein spreader, M-50; sprayed 
3 times..... 

3 

22 

14.7 

30 

20.0 

34.7 

1.36 

3 

3 

28 

' 18.7 

26 

17.3 

36.0 

,93 

4 

3 ! 

20 

13.3 

W: 

13.3 

26.6 

1.00 

5 

Lead arsenate, l-iSO; casein spreader, |4“50. 

3 1 

37 

24.7 

n 

16.0 

40.7 

.65 

6 

Control (unsiMayed). 

3 1 

83 

55.3 

§ 

4.0 

59.3 

.07 
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Casein spreader was also added to Tarions strengths of lead arsenate 
and to other arsenicals and spray combinations. The results are 
noted in the discussions of the respectiTe experiments. The results 
obtained where casein spreader was used were better than where it 
was not used, with one exception (tests 8 and 11 , Table 11 ), but in 
this case it is possible that a reaction occurred between the lime in 
the spreader and the calcium arsenate, which affected the results. 

The addition of casein spreader to the lead arsenate gave a greater 
improvement in control in these laboratory tests than has been ob¬ 
tained in orchard tests. This suggests that, when freshly applied, 
the coating of poison with the spreader is much more effective than 
that without, this being due perhaps to greater uniformity of the 
coating; but that the coating with spreader is not as durable, due 
possibly to its being thinner and thus being rendered ineffective more 
rapidly by the growth of the fruit or by being rubbed off. 

After the spreader was added to the spray, better spreading was 
accomplished when the spray was allowed to stand for about five 
minutes before using than if it was used immediately. 

STRENGTH OF LEAD ARSENATE 

Lead arsenate is ordinarily used against the codling moth at the 
rate of 2 pounds of paste or 1 pound of powder to 50 g^ons of water, 
and this amount has become the standard recommendation. E. D. 
and W. M. Ball {!) obtained an efficiency of 90 per cent with paste 
lead arsenate used at the rate of 234 pounds to 50 gallons, and only 
80 per cewA efficiency with the same material used at the rate of 1 
pounds to 50 gallons. These tests were made under rather wormy 
conditions. Melander (P), working under favorable conditions, re¬ 
ported very little difference with paste lead arsenate at various 
strengths from 1-12 to 1-80. De Sellem (4) obtained better results 
with the paste lead arsenate at 2-50 than at 1-50, and equal results 
with powdered lead arsenate at 1-50 and at 34~b0, with a rather light 
infestation of worms; and Siegler and Plank (f5), working in a very 
wormy orchard, apparently ootained better results with powdered 
lead arsenate at ^-50 than at 1-50. A comparison of the total 
number of stin^ with the total number of worms in the latter case, 
however, is in favor of the larger quantity of lead arsenate. All of 
these tests were orchard tests, and there is a probability that other 
factors influenced the results. 

Lovett (S), in laboratory tests with tent caterpillars, obtained 
more rapid lalling as the strength of paste lead arsenate was increased 
from 34“50 to 2-50, and chemical analyses showed more arsenic 
oxide (AS 2 O 5 ) in the bodies of the caterpillars as the strength was in¬ 
creased. 

The present writer made a number of tests with the codling moth, 
using powdered lead arsenate at various strengths from one-half 
pound to 3 pounds in 50 gallons of water, both with and without 
casein spreader. The lead arsenate used was guaranteed to contain 
31 per cent of AS 2 O 5 . The tests in 1923 were incomplete, owing to 
a scarcity of larvae, and only the results from two strengths of lead 
arsenate are given in Table 3. A complete series of tests was made 
in 1924, and the results are given in T^le 4. 


r 
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In these tests the number of wormholes was reduced, and the num¬ 
ber of stings generally increased as the strength of the lead arsenate 
was increased. The total number of blemishes was not very greatly 
reduced by the increase in the amount of poison used. The results 
obtained with powdered lead arsenate used at a strength of 1-50 and 
2-50 are of particular interest, since there is a tendency at the present 
time to double the amount of material used. Both in 1923 and 
1924 (Tables 3 and 4), increasing the amount of lead arsenate from 
1-50 to 2-50 reduced the number of wormholes or the total 
number of blemishes very little. It is possible that the efiBciency 
of the double-strength spray is reduced less rapidly than that of the 
single-strength as time goes on after it is applied, but this is a point 
that can not be tested with this type of experimentation. It is not 
safe to draw conclusions from these tests as to the optimum amount 
of lead arsenate for orchard use. It should be noted that, with casein 
spreader added, the double-strength spray resulted in less than half 
as many wormholes as the single-strength spray (Table 4, tests 8 
and 9). In this particular case the number of stings seems to be an 
exception to the general tendency for the stings to increase as the 
strength of the spray is increased. 


Table 3. —Compurisca of the effectiveness of different strengths of powdered lead 
arsenate when used against the larva of the codling moth, Yakima, WasK, 192S 


Test 

No. 

Material 

1 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 
cent ! 
total j 
blem-t 
isbes 

Num¬ 
ber of 
stings 
per 

, worm- 
bole 

1 

Lead arsenate, 1-50,. 

4 

38 

19.0 

47 

23.5 

42.5 

1.24 

2 

Lead arsenate, 2-60. 

4 

36 

lao 

35 

17.6 

35.5 

,97 

3 

Control (unsprayed).. — 

4 

132 

66.0 

7 ^ 

3.5 

69.5 

,05* 


Table 4. —Comparison of the effectiveness of different strengths of powdered lead 
arsenate when nsed with and wUhoid casein spreader against the larva of the 
codliTig moth, Yakima, Wash., 1924 


Test 

No. 

Material 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
boles 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num- 

beM« 

stings 

per 

worm- 

hole 

1 

Xjead arsenate, no sjareader__ 

4 

50 

25.0 

30 

15.0 

40-0 

0.60 

2 

Lead arsenatei ^-50; no spreader... 

4 

36 

18,0 

36 

18,0 

36.0 

1.00 

3 

arsenate, 1-50; no spreader.... 

4 ! 

1 37 

18.5 

40 

20.0 

38.5 

1.08 

4 

Lead arsenate, 2-50; no spreader__ 

4 

30 

15.0 

41 

20.5 

35.5 

1.37 

5 

Lead arsenate, 3-50; no spreader__ 

4 

19 

9.5 

46 

23.0 

32.5 

2.42 

6 

L^kd arsenal^, casein spreader, '^-50 .. 

3 

29 

17 

19.3 

25 

16.7 

36.0 

.86 

7 

Lead arsenate, M^^O; <casein spreader, . 

3 

11.3 

34 

22.7 

34.0 

2.00 

a 

Lead arsenate, 1-50; casein spreader, J 4 - 5 O—. 

3 

9 

6.0 

37 

24.7 i 

30,7 

4.11 

9 

Lead arsenate, 2-50; casein spreader, j|-50_ 

3 

4 

2.7 

28 

18,7 

21.4 

7.00 

10 

Lead arsenate, 3-60; casein spreader, _ 

3 

3 

2,0 

42 i 

28.0 

30.0 

14.00 

U 

Control (iinsp^yed)___ 

4 

110 

55.0 

4 

2.0 

57,0 

.04 





LIGHT AND HEAVY APPLICATIONS OP LEAD ARSENATE 

gmeral apiiiion has been that where no spreader is used, it is 
desirable to cover the fruit evenly with fine drops of spray than 
it and leave coarse drops on the surface with appar- 
^ autiy usprot^ted areas between them. In Table 5 the results of 
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tests of tMs nature are recorded. In tests 1 and 4 (light applica¬ 
tions) the fruit was thoroughly covered with small drops of spray, 
whereas in tests 2 and 5 (heavy applications) it was very much over¬ 
sprayed and much of the spray dripped off. Most of the spray left 
on the fruit collected in large drops. The results in 1923 and 1924 
are rather in favor of the heavy application, although the difference 
is not great, and, curiously, the number of stings is reduced more than 
the number of worms by the heavy application. From the stand- 

E oint of the ratio of stings to wormholes, the light application was 
etter than the heavy application. 


Table 5. —Comparison of the effectiveness of light and heavy applications of pow¬ 
dered lead arsenate when used against the larva of the codling moth, Yakima, 
Wash., ms and 1924> 

1923 


Test 

No. 

i 

jNum- 

Material ;ber of 

; tests 

1 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stimg 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 
worm- 
hole 

1 

Lead arsenate, 1-50; light application .. ^ 4 

37 

18.5 

54 

27.0 

45.5 

1.46 

2 

Lead arsenate, 1-50; heavy application__; 4 

36 

18.0 

36 

18.0 

36.0 

1.00 

3 

Control (unsprayed).....-. 4 ! 

132 

66.0 

10 ] 

5.0 

71.0 

1 

i 


1924 


4 

Ije&d arsenate, 1-50; light application. 

9 1 

26 

10.7 

44 

1 

29.3 

40.0 

2.75 

5 

; Lead arsenate, 1-50; heavy application. 

3 

13 

8.7 

29 

19.3 

28.0 

2.23 

6 

I Control (unsprayed). 

3 1 

1 


47.3 1 

11 

7.3 

54.6 

.15 


PASTE VERSUS POWDERED LEAD ARSENATE 

The powdered lead arsenate has almost entirely displaced the paste 
form, but there has been some question as to whether or not it is as 
effective. Scott and Siegler {16) obtained practically identical re¬ 
sults in laboratory tests against the fall webworm with paste and 
powdered lead arsenate used at equivalent strengths, and also in 
orchard tests against the codling moth. Siegler and Plank {18) used 
paste lead arsenate in 1915 and powdered lead arsenate in 1916,1917, 
and 1918, in orchard tests gainst the codling moth. It is difficult 
to compare tests made in different years, hut the results do not indi¬ 
cate any advantage of one form of lead arsenate over the other. 
De Sellem (4) obtained somewhat better results with powdered lead 
arsenate at 1 pound to 50 gallons than with paste lead arsenate at 2 
pounds to 50 gallons. 

The paste lead arsenate was tested by the writer in 1924. Since 
the manufacturer of the particular brand employed recommended its 
use at 7 pounds to 200 gallons instead of the customary 8 pounds, it 
was used at that strength and compared with the powdered form at 
an equivalent strength—that is, at seven-eighths pound to 50 gal¬ 
lons—and also at the usual 1 pound to 50 gallons. This experiment, 
recorded in Table 6 , does not mdicate that the paste form is superior 
to the powdered, although the results with the paste were slightly 
better than those with an equivalent amount of powder. The paste 
lead arsenate used in this test contained 15.21 per cent of AsgOs, 
and the powdered lead arsenate was guaranteed to contain 31 per 
cent of AS 2 O 5 , C 
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Table 6 . —Comparison oj effectiveness of paste and powdered lead arsenate when 
used against the larva of the codling moth, Yakima, Wash., 1924 


Test' 

No.: 

Material 

,Num- 
iber of 
! tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 
worm- 
hole 

1 : 

Powdered lead arsenate, 1-50; no spreader.. 

i 5 

4S 

19.2 

57 

22.8 

42.0 

1.19 

2 

Powdered lead arsenate, ^s-50; no spreader_ 

■ i 5 i 

1 47 

18.8 

74 

29.6 

48.4 

1 1.57 

3 

Paste lead arsenate, l?i-50; no spreader. 

; 5 

i 40 

16.0 

68 

27.2 

43.2 

1 1.70 

4 

Powdered lead arsenate. 1-SO; casein spreader, 
K-JO-. 

: 3 

13 

8.7 

26 

17.3 

26.0 

2.00 

5 

Powdered lead arsenate, Js-50; casein spreader, 
H-m. . 

1 3 

20 

13.3 

40 

26.7 

40.0 

2.00 

6 

Paste lead arsenate, l^i-50; casein spreader, M-50. 

3 

16 

1 10.7 

30 

1 20.0 

30.7 

1.88 

" : 

Control (unsprayed).. 

i ^ 

140 

! 56.0 

14 

5.6 

61.6 

.10 


LEAD ARSENATE IN COMBINATION WITH LIME-SULPHUR AND OIL EMULSIONS 

It is often desired to combine the summer strength lime-sulphur 
used for mildew and other fungous diseases with the lead arsenate, 
and the increasing use of summer oil sprays suggested the possibility 
of combining these with the lead arsenate. Accordingly, tnese com¬ 
binations have been tested, acid lead arsenate being used. 

According to Eobinson (l^)? adding lime-sulphur to acid lead 
arsenate increases the amount of soluble arsenic and reduces the 
amount of arsenic oxide (As^Os). A large amount of lead sulphide 
(PbS) is also produced. Gray {6) questions the advisability of mix¬ 
ing lime-sulphur with acid lead arsenate. Sanders and Brittain {15) 
report that in field tests with various insect larvae the addition of 
lime-sulphur to the lead arsenate reduced its effectiveness, and 
Scott and Siegler {16) found that the killing action of the arsenical 
was slower when lime-sulphur was added than when the a^enical 
was used alone. Cook and Mclndoo (5) obtained somewhat better 
results when the lead arsenate was used alone than when lime-sulphur 
was iised writh it. The writer, in various orchard tests against the 
codling moth at Yakma and Wenatchee, Wash., the results of which 
have not been published, has obtained poorer results when lime- 
sulphur was added than when the lead arsenate was used alone. 

In the laboratory tests reported in Tables 7 and 8, a verv marked 
increase in the number of wormholes resulted from the addition of 
lime-sulphur, the number being nearly twice as great m 1923, and 
more than twice as great in 1924. The number of stings was cor¬ 
respondingly decreased, and there was little difference in the total 
number of memishes. 

The addition of lime to this combination spray has been showm by 
Eobinson (I^) to prevent any reaction between the lime-sulphur and 
the lead arsenate, and Eegan (73, p. 47) reports that the addition 
of casein spreader (a mixture of casein and lime) prevents this re¬ 
action. In test 3 (Tables 7 and 8) the casein spreader was used, it 
being placed in the water before the other ingredients were added. 
No i^^tion was noticeable, and the results are much better than 
those in t^t 2 where the combination spray was used without 
spreader, and even better than in test 1 where lead arsenate was 
alone. This latter difference may be due entirely to the better 
obtained with the spreader. 
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In 1923, a lubricating-oil-emulsion made with, soap according to 
W. W. Yothers’s formula {23, p. 19) was mixed with the lead arsenate. 
Four tests were made, with rather variable results, the average, as 
shown in Table 7, test 4, being somewhat poorer than with the lead 
arsenate alone. Gray (8) states that soap and lead arsenate are 
incompatible, and Pinckney (12) found that soap incre^ed the 
amount of soluble arsenic, but he does not mention whether it affects 
the toxicity of the arsenical. The variation in the results may have 
been due to a reaction between the lead arsenate and the soap, and, 
if so, it may be inadvisable to mix these two materials. 

In 1924, the casein lubricating-oil emulsion prepared according to 
formula No. 3 of Burroughs and Grube (2) was used with lead 
arsenate in test 4 (Table 8). The results were superior to those 
obtained from the lead arsenate alone. 

Table 7. —Comparison of the ejfeciiveness of powdered lead arsenate alone and^ in 
combination with lime-sulphur and lubricating-oil emulsion, when used against 
the larva of the codling moth, Yakima, Wash., 1923 


Test 

No. 

Material 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 

worm- 

hole 

1 

Leaid arsenate, 1-50; no spreader. 

4 

43 

21.5 

46 

23.0 

44.5 

1.07 

2 

I^d arsenate, 1--50; commercial 30® lime-sulphur, 









1-50. 

4 

74 

37.0 

23 

11.5 

48.5 

.31 

a 

Lead arsenate, 1-50; commercial 30® lime-sulphur, 









1-50; casein spreader, J^-50.-. 

4 

47 

23.5 

30 

15.0 

38.5 

.64 

4 

Lead arsenate, l-SO; soap-oil emulsion, ^50. 

4 

55 

27.5 

24 

12.0 

39.5 

.44 

5 

Control <unsprayed)... 

4 

138 

69.0 

8 

4.0 

73.0 

.06 


Table 8. —Comparison of the effectiveness of powdered lead arsenate alone and in 
combination with lime-sulphur and lubricating-oil emulsion, when used against 
the larva of the codling moth, Yakima, Wash., 1924 


i 

i 

1 

Teatl 
No. 1 

1 

I 

Material ^ 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 

i 

worm- 

hole 

1 

1 i 

Lead arsenate, 1-50; no spreader. 

4 

31 

15.5 

54 ; 

27.0 

42.5 

1.74 

2 1 

Lead arsenate, 1-50; commercial 30® lime-sulphur, 
1-50. 

3 

50 

33.3 

23 

15.3 

48.6 ; 

.46 

3 

Lead arsenate, 1-50; commercial 30® lime-sulphur, 
1-50; casein spreader, ^-50. 

3 

i 

12 i 

8.0 

23 

1 

15.3 

23.3 

1.92 

4 

Lead ari^nate, 1-50; casein-oil emulsion, J^50. 

4 

21 

10.5 

43 

21.5 

32.0 

2.05 

5 

Control (unsprayed). 

4 

84 

42.0 

16 

8.0 

sao 

.19 


VARIOUS ARSENICALS 

Arsenicals other than lead arsenate have been used extensively 
in laboratory and field tests, chief among them being calcium arsenate 
and zinc ai^enite. Paris green was formerly used, but owing to its 
poor adhesive qualities and its tendency to burn the foliage, it is 
now seldom used on fruit trees. 

A review of some of the reports of tests of calcium arsenate shows a 
considerable diversity of results. Wilson (32) noted no difference in 
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the elfect of ealciuni arsenate and lead arsenate on tent caterpillars. 
Lovett and Eobinson {7] obtained equal results with the two materials 
used against leaf-feeding insects, as did Scott and Siegler (16)^ but 
the latter found that the calcium arsenate killed somewhat more 
slowly. Scott and Siegler s results with calcium arsenate in orchard 
tests against the codling moth indicated it to be inferior to the lead 
aisenate in two tests and about equal to it in a third test. W. M. 
Scott {17) reported that both the paste and the powdered calcium 
arsenate were equal to lead arsenate in orchard tests, and De Sellem 
(4) found the same thing to be true under favorable conditions. 
Lovett {8) obtained better results with calcium ai*senate than with 
lead arsenate in the orchard, but Siegler and Plank {18) and Newcomer 
{ID obtained inferior results under wormy conditions. Regan 
(f3, p. 4S), testing calcium arsenate against the fruit-tree leaf roller, 
obtained poor results as compared with those obtained with lead 
arsenate. 

Cook and Mclndoo (3) made extensive experiments with various 
arsenicals against leaf-feeding insects. They obtained results 
comparable to those with lead arsenate with only one of six samples 
of commercial calcium arsenate tested. Paris green gave uniformly 
better results than the lead arsenate, and zinc arsenite gave some¬ 
what poorer results. Melander (S, p. 23-24) j reported very good 
results with zinc arsenite, under favorable conditions, but they were 
not equal to those obtained with lead arsenate. 

Tables 9 and 10 give the results obtained by the writer with various 
aisenicals at Yakima, Wash., in 1923 and 1924. The powdered zinc 
arsenite, which was guaranteed to contain 30.5 per cent of arsenic 
expressed as metallic arsenic, was decidedly inferior to the lead 
arsenate when used at 1 pound to 50 gallons, and was still inferior 
when used at 2 pounds to 50 gallons. 

Paris green, guaranteed to contain more than 50 per cent arsenious 
trioxide, was used in 1923, at one-half poxmd to 50 gallons, with an 
equal amount of lime, and also with casein spreader, and it produced 
slightly better results than lead arsenate. In 1924 it was used at 
two-fifths poimd to 50 gallons, with an equal amoxmt of lime, and 
also with casein spreader, and the results were not quite as good as 
with lead arsenate. 

Powdered calcium arsenate, guaranteed to contain not less than 
40 per cent arsenic pentoxide, was used in 1923 at three-fourths pound 
to 50 gallons, a strength equivalent to 1 pound of powdered lead 
arsenate to 50 ^Uons. The results with tne calcium arsenate were 
decidedly inferior to those with lead arsenate, more than twice as many 
larvae entering the fruit where no spreader was used, and nearly 
three times as many where the casein spreader was added. In 1924, 
a paste calcium arsenate was tested, which analyzed 15.19 per cent 
arsenic oxide. This was used at 2 pounds to 50 gallons, and the 
results were practically identical with those obtained from the use of 
powdered lead arsenate at 1 pound to 50 gallons. When casein 
spreader was added, however, the r^ults with calcium arsenate com¬ 
pared with lead arsenate were not nearly so good, indicating a pos¬ 
sible reaction between the lime in the casein spreader and the calcium 
arsenate. 
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Table 9. —Comparison of the effectiveness of various arsenicals when used with and 
without casein spreader against the larva of the codling moth, Yakima, Wash,, 
1023 


3St 

O. 

Material 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num 
ber of 
stings 
per 
worm- 
hole 

I 

Lead arsenate (powdered), 1-50... 

4 

47 

23.5 

47 

23.5 

47.0 

1.00 


Zinearsenite (powdered), 1-50.... 

4 

S3 

41.5 

39 

19.5 

61.0 

.47 


Paris green, } ii-50; lime, 3 ^50---. 

3 

27 

18.0 

29 

19.3 

37.3 

1.07 

i' 

Calcium arsenate (powdered), ?4-50. 

4 

97 

48.5 

30 

15.0 

63.5 

.31 


Lead arsenate (powdered), 1-50; casein spreader, 
M-50. -.. 

3 ! 

15 

10.0 

33 

22.0 

32.0 

2.20 

6 1 

Zinc arsenite (powdered), 1-50; casein spreader, 
^-50 . 

3 

39 

26.0 

32 

21.3 

47.3 

.82 

7 

Paris green, casein spreader, M-50. 

3 ! 

13 

8.7 ! 

29 

19.3 

28.0 

2.23 

« 

Calcium arsenate (powdered), ^-50; casein i 
spreader, J4!-50-.-.-.-. 

3 ! 

44 

29.3 

44 

29.3 

58.6 

1.00 

9 

1 Control (unsprayed). 

1 

4 1 

; 128 1 

1 

64.0 

10 

5.0 

69.0 

.08 


Table 10. —Comparison of the effectiveness of various arsenicals when used with and 
without casein spreader against the larva of the codling moth, Yakima, Wash,, 
1924 


Test 

No. 

Material 

Num¬ 
ber of 
tests 

Num¬ 
ber of 
worm- 
holes 

Per 

cent 

wormy 

i 

Num-| Per 
her of cent 
stings stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 

worm- 

hole 

1 

Lead arsenate (powdered), 1-50. 

3 

35 

23.3 

42 

28.0 

51.3 

1.20 

2 

Zinc arsenite (powdered), 1-50.. 

3 

59 

39.3 

14 

9.3 

48.6 

.24 

3 

Zinc arsenite (powdered), 2-60. 

Paris green, ^-50; lime, K-50 . 

3 

42 

28.0 

28 

18.7 

46.7 

.67 

4 

8 

39 

26.0 

33 

22.0 

4a 0 

.85 

5 

Calcium arsenate (paste), 2-50. 

3 

35 

23.3 

43 

28.7 

52.0 

1.23 

6 

I,ead arsenate (powdered), 1-50; casein spreader, 

H-m . 

3 

11 ! 

7.3 

47 

31.3 

38.3 

4.27 

" i 

Zinc arsenite (powdered), 1-50; casein spreader, 
H-50 ... 

3 

28 1 

ia7 

32 21.3 

4a 0 

1.14 

8 

Zinc arsenite (powdered), 2-50; casein spreader, 
H-50 . 

3 

16 

la? 

37 

24.7 

35.4 

2.31 

9 

Paris green, H-50; casein spreader, ^-50 . 

3 

18 

12.0 

35 

23.3 

35.3 

1.94 

10 i 

Calcium arsenate (paste), 2-50; casein spreader, 
H-50 . 

3 

30 

20.0 

22 

14.7 

34.7 

.73 

11 1 

Control (unsprayed)... 

3 

84 

56.0 

8 

5.3 

61.3 

.10 


CALCIUM ARSENATE 

As already indicated, the results obtained by various investigators 
with calcium arsenate have been rather variable. Apparently this 
material may be depended on to give good control where the results 
are secured" within a few days. This is particularly true of leaf¬ 
feeding insects, which eat comparatively large quantities of food, and 
which may not ingest a lethal dose of poison for several days. In the 
case of the codling moth, where the poison is expected to be effective 
over a period ranging from 10 days to a month, and where the 
insect does only a limited amount of feeding on the poisoned surface 
and must therefore take in a lethal dose withia a short time, the 
control has been quite variable. This has evidently been due 
partially to a varying degree of infestation, but the work of Cook and 
Mclndoo (5) would indicate also a varying de^ee of effectiveness in 
different brands of calcium arsenate. In order to test this point 
with the codling moth, fonr brands of powdered calcium arsenate 
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were used in 1923, and one brand of paste calcium arsenate in 1924. 
Comparisons were made with powdered lead arsenate used at an 
equivalent strength. 

The powdered calcium arsenates used in 1923 contained the follow¬ 
ing percentages of arsenic pentoxide: Brand A, not less than 40 
per cent by guarantee ; brand B, 39.93 per cent, by analysis; brand C, 
39.21 per cent, by analysis; and brand D, not less than 40 per cent, 
by marantee. Table 11 shows that all of these samples were inferior 
to the lead arsenate in controlling the codling moth. Brands B and 
D were better than the other two, and these were fluffier and ap¬ 
parently more finely ground than brands A and C. 

In 1924, a paste calcium arsenate was tested (brand E) which 
contained, by analysis, lo.l9 per cent of arsenic pentoxide. The 
results obtained with this brand at 2 pounds to 50 gallons were 
almost identical with those obtained from an equivalent amount of 
powdered lead arsenate. Used at 1 pound to 50 gallons, the control 
obtained was somewhat poorer, but still fair. The addition of casein 
spreader to this calcium arsenate evidently interfered with its action, 
as the results were much inferior to those with lead arsenate and 
casein spreader. These results are recorded in Table 11. 

Apparently there is a considerable difference in the effectiveness of 
different brands of calcium arsenate, and this difference is not due to 
a variable amount of arsenic present. It is possibly a physical dif¬ 
ference, some kinds adhering better than otners. The results with 
brand E indicate that a calcium arsenate can be made equal to lead 
arsenate in controlling the codling moth. 


Table 11 . Companson of the effectiveness of various brands of calcium arsenate 
with lead arsenate when used against the larva of the codling moth. Yakima, 
Wash., 192$ and 1924 ^ f » 

1923 


T«st 

No. 

Material 

Num¬ 
ber of 

Num¬ 
ber of 
WOTm- 
holes 

Per 

cent 

wormy 

Num¬ 
ber of 
stings 

Per 

cent 

stung 

Per 

cent 

total 

blem¬ 

ishes 

Num¬ 
ber of 
stings 
per 

worm- 

bole 

1 

Lead arsenate (powdered), 1-50... 

i 

1 3 

21 

14.0 

47 

31.3 

45.3 

2.24 

2 

Calciuin arsenate (brand A), M-50__ 

1 3 

51 

34.0 

46 

30.7 

64.7 

. 90 

3 

Caldoizi arsenate (brand B), . 

3 

45 

3ao 

43 

28.7 

58.7 

ioo 

4 

Caldom arsen^ (brand C), ^-50. 

2 

42 

1 42.0 

25 

25.0 

67! 0 

!g0 

6 

i Cakium (terand B), Ji-sO. 

2 

29 

29.0 

3S 

38.0 

67.0 

L 31 

e 

Control (imsprayed).. 

3 

119 

79.3 

5 

3.3 

82.6 

.04 


1924 


7 

liead aimiate (powdered), 1-50. 

3 

3 

35 

46 

35 

n 

23.3 

30.7 

23.3 

T 'll 

42 

33 



8 

C^nm arsenate (brand E), i-so. 

22.0 

52.7 

9 

CiOaam arsenate (brand E), 2-50... 

3 

43 

10 

Lead arsenate (powdered), 1-50; casein spreader, 

3 

3 



n 

Caktesameiiiyfee (brand E), l-S0;<aisein sprier, 
__ _ 

67 

Ad 7 


'tA fi 


12 

Cakium arsemte (brand E), 3-50; casein sprier. 
H-50 . ..... . ^ 

3 

3 

30 

\ 

\ 20.0 

aJL 

W 

14. u 

lA 7 

SS. 7 

“id *7 

13 

Ccetroi (imsprayed). 

84 

' 56!o 

!fi 

K 

AY O 

-: 



O 

0.0 

1 Di*0 
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SUMMARY 

The difficult^' of obtaining uniform working conditions when mak¬ 
ing orchard tests for the control of the codling moth has suggested 
the desirability of more exact laboratory methods. The method of 
spraying indmdual apples and placing a given number of larvae on 
them has been employed in the investigation reported in this paper. 
It is not possible to investigate all phases of codling-moth control by 
this methodj but it is believed that certain comparisons may be made 
more accurately in this way than by field tests. It is to be under¬ 
stood that the" tests here reported show the effect of the various 
sprays only when freshly applied. 

Almost without exception, the addition of casein spreader to lead 
arsenate or to other arsenicals or combination sprays materially 
improved the control obtained. The smallest amount of casein 
spreader used, one-eighth of a pound to 50 gallons, gave better con¬ 
trol when used with lead arsenate than any larger amount tested. 

Increasing the strength of the lead arsenate reduced the number of 
wormholes and generally increased the number of stings, the total 
number of blemishes being reduced very little. 

A heavy application of lead arsenate gave somewhat better results 
than a light application. 

No appreciable difference was observed in the effectiveness of 
equivalent amounts of paste and powdered lead arsenate. 

The addition of lime-sulphur to acid lead arsenate materially 
reduced its efficiency, but tms reduction was overcome by the use of 
casein spreader with the combination spray. The hme in the 
spreader apparently prevents or retards the usual reaction between 
lime-sulphur and acid lead arsenate. 

The addition of a lubricating-oil emulsion containing soap as an 
emulsifier produced variable results, the average being poorer than 
those obtained with lead arsenate alone. A luteicating-oil emulsion 
containing casein as an emulsifier did not have this effect, the control 
being somewhat improved over that obtained from lead arsenate 
alone. 

Zinc arsenite was not as effective as lead arsenate. Paris green, 
with lime or with casein spreader, gave slightly better results in 1923, 
but in 1924 the control did not quite equal that obtained from lead 
arsenate. Powdered calcium arsenate gave very poor control, 
although four brands were tested. A paste calcium arsenate equalled 
an equivalent amount of powdered lead arsenate. 
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LIFE HISTORY OP THE HICKORY SPIRAL BORER, 
AGRILUS ARCUATUS SAY' 

By Fred E. Brooks 

Associate Entomologistj Fruit Insect Investigations^ Bureau of Entomology, United 
States Department of Agriculture 

INTRODUCTION 

In the eastern part of the United States there are several species 
of beetles the larvae and adults of which kill hickory and pecan 
branches and young trees by girdling or otherwise severing the wood 
in a vital place. In all cases it seems that the purpose of the insect 
in doing the injury is to provide itself with dead or dying wood in 
which to undergo part or all of its developmenft. This paper deals 
with one of these beetles, which may be called the hickory spiral borer 
because of the peculiar winding burrow which is the chief injury 
that it does to trees. In many instances medium-sized branches 
of bearing trees are killed by this borer, which reduces the crop of 
nuts, but the principal loss is in the injury to small trees. Young 
hickory trees in forests, in orchards, and on lawns, and especially in 
nurseries where seedlings and grafted trees are produced for planting, 
are liable to attack. 

This beetle belongs to the family Buprestidae, the members of 
which are often called flat-headed borers or metallic wood borers. 
The term ^‘flat-headed” refers to the broad, flattened front segments 
of the grubs of some species; and the term “metallic^' to the lustrous, 
metallic Colors often displayed by the beetles. The larvae of the 
many species of Agrilus, to which genus the hickory spiral borer 
belongs, mine in the twigs, stems, roots, and beneath the bark of 
trunks and branches of numerous kinds of trees and smaller plants. 
The group includes such familiar pests as the raspberry cane borer 
{Agnlus rujicoUis Fab.), the two-lined chestnut borer (A. bUineatus 
Web.), the bronze birch borer (A. armm Gory), and the Pacific oak 
twig girdler {A. angelic'm Horn). 

IDENTITY AND DISTRIBUTION 

According to W. S. Fisher of the Bureau of Entomology of the 
United States Department of Agriculture, the forms of Agrilus 
related to AgrUus arcuatus are closely allied but not sufficiently well 
characterized to identify them with certainty. The form which feeds 
on hickory and pecan is believed to represent only one species, and it 
is treated in this paper under the name arcyMus, Certain varieties 
of arcvMus have been recognized by Le Conte, but they resemble 
one another so closely that it seems likely that misidentifications have 
been made. For this reason it does not seem desirable to summarize 
the literature which has appeared under the name arcuatus or its 
varieties. 
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This confusion of names makes it uncertain as to how widely the 
species here called the hickory spiral borer is distributed, and whether 
other trees than hickory and pecan are sometimes attacked. There 



Fig. 1mckory spiral borer: A, male beetle, X 2; B, female bettle, X 2; G, eggs, X 5; D, larva 
^mng from X 5 ^bell has been removed to the left from over the larva in order to 
^, 06 e the hatching larva); E, exit hole of beetle, X 2; F, larva, X 4; G, hickory leaf showing 
feeding marks of the beetle, natural sire 


seem to be yalid records of its occurrence in New York, Pennsylvania, 
and Virgmia. The present wnter has collected the insect or has 
specimens of its work at Morgantown, Pickens, French Creek, 
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Buckhannon, Moorefield, Great Cacapon, and Clarksburg, W. Va.; 
and at Pulaski, Kichmond, Petersburg, and Pound Hill, Ya. Severed 
hickory branches, apparently the work of this insect, were found by 
the writer in the vicinity of Storrs, Conn. 

NATURE AND EXTENT OF INJURY 

- The hickory spiral borer hatches from an egg laid on the bark 
of a twig^{fe. 1, C), and lives as a larva in the tree from 22 to 23 
months, the period including two entire winters. The larva (fig. 1, 

. F) spends most of the summer burrowing just under the bark, 
occasionally going deeper into the wood and sometimes following the 
pith for short distances. Its general course in the wood is down¬ 
ward. Each winter it makes a winding, concentric cut from the 
inner bark to the heart of the branch or stem, the coils of the thin 
burrow joining and completely severing the wood except for the bark 
arid sometimes a slender fiber of wood at the heart (fig. 2, C and D). 
These spiral burrows are in process of making in late autumn, in 
warm periods in winter, and in the early spring. The first of the two 
spiral burrows which each insect makes severs a small twig or ter¬ 
minal, and the second severs a larger part of the wood. The portion 
above the spiral woimd dies in the spring before the foliage appears, 
the injury becoming apparent as the rest of the tree puts forth 
leaves (fig. 3). Trees and branches from the diameter of a lead pencil 
to nearly 2 inches in diameter are severed. 

The borer is native to the eastern forests where hickory trees 
abound, and in several instances it has been observed injuring hickory 
and pecan trees in nurseries and nut-tree orchards in the eastern 
part of the country. In a nursery at Petersburg, Va., in 1923 and 
1924 it did serious damage to seedling and grafted hickories and 
pecans. In one small block of 5-year-old hickory seedlings in this 
nursery an hour’s search revealed 54 trees with their main stalks 
recently severed by 2-year-old larvae, and an equal number of twigs 
and terminals similarly injured by 1-year-old larvae. The trees 
which the older larvae had severed were set back several years in 
growth, many of them being practically ruined. Oftentimes such 
young trees with trunks thus severed will put forth another shoot 
which will in turn be cut off within a few years. In many instances 
in localities where the insect is abimdant, hickory bushes which have 
become stunted by frequent pruning wUl show from 5 to 10 fresh 
and old wounds. The greatest injury to plantations has been observed 
near woods in which hickory grows. However, trees in open fields, 
as well as in the shadow of forest, are liable to attack. 

LIFE HISTORY 
THE EGG 

The eggs (fig. 1, C) are flat, disklike, somewhat irregular in shape 
and size, and are glued firmly to the smooth bark of twigs. They 
re^mble quite closely the shield of a small scale insect. When &st 
^ laid the egg is smooth and pale yellowish green, but before hatching 
it becomes slightly wrinkled and almost black. The diameter 
ranges from 0.8 mm. to 1.1 mm. When laid they are partially con¬ 
cealed with a light covering of grains of excrement (fig. 1, C), but 
the covering soon drops away, and as the egg deepens in color, a 
6794—2et-3 
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transpai’ent film appears aroimd it. About a dozen eggs collected 
at different times hatched in 26 and 27 days. When confined in 
cages the beetles often laid several eggs in a more or less compact 
group, but in the field not more than one egg was found in a place. 


Pig. 2,--Hicfcory spiral borer: A, pupa in natural position, X 5; B, pupae, X 5; C, hickory st^s show¬ 
ing the burrows; D, hickory branch at p(^t of severance showing spiral girdle of larva, X 2 

THE LARVA 

The larva (fig. 1, F) is a slender, flat, legless grub, fuU-^Own speci¬ 
mens being from 15 mm. to 20 mm. long and about 2 mm, wide. 
The color is yellowish white, like that of the wood in which it feeds, 
except that the small mouth parts and the tail forceps are dark 
brown or black. It is bare of hairs, save for a small patch of short, 
whitfeh bristles at the base of the tail forceps. It is sluggish in 
movement at all times. 
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The larva leaves the egg in midsummer, eating its way through 
the bottom of the egg and directly into the tmg. In the twig it 
makes elongate, threadlike burrows next to the bark and through 
the wood. Late in autumn it begins a spiral burrow which even- 


Fici. 3.—Top of a young hickory tree killed hy larvae of the hickory spiral borer 

tually severs the wood and kills the terminal above. The si>ira] 
burrow may be completed in the autumn, or in the following spring. 
In either case the larva spends the winter in and about the spiral 
wound. In all iis mining the borer packs the gallery behind with 
fine wood dust. 
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With the coming of warm weather the borer works below the 
severed point, first moving downward for an inch or two in the 
pith and then tunneling out to the bark. ^ Through the summer it 
proceeds downward a foot or more, feeding with its back to the 
inner bark and leaving a shallow but relatively wide burrow packed 
with wood-colored dust. Late in the season it changes its course 
abruptly and, with its side to the bark, cuts a thin, symmetrical 
ring around the branch (fig. 2, C and D). When the first circuit 
is completed it directs its boring operations spirally inward in the 
same plane, encircling the stem again, and it continues the spiral 
burrowing until the heart is reached, when the terminal above will 
break off with the application of slight force. When this second spiral 
boring is completed the borer turns upward and eats its way from 
the heart directly to the bark at a point about half an inch or less 
above the outer tunnel of the spiral boring (fig. 2, C). By the 
time it has arrived at the bark, spring has returned, and the larva 
is then nearly full-grown- It then proceeds to make a crooked burrow 
a few inches in length just beneath the bark (fig. 2, C) after which 
it forms a crescent-shaped pupal chamber, the ends of the chamber 
extending to the bark and the bottom curving toward the heart 
of the wood (fig. 2, A). Both^ ends of the chamber are filled 
with dust, and the larva occupies the somewhat enlarged space 
between. The larva soon shrinks to about half its former length, 
and in about a week it changes to the pupal stage. 

THE PUPA 

The pupa (fig. 2, A and B) when first formed is a delicate, white, 
somewhat curved object, the back being flattish and the underparts 
bearing outlines of the antennae, wings, and legs. It ranges from 
9 to 12 mm. in length, and from 2 to 3 mm. in width. Within a 
week the eyes begin to darken, and soon thereafter the head, thorax, 
and other parts of the body change to purplish black, the shades 
of color deepening until the beetle stage is reached. The pupae 
are present in May and June, the pupal stage of development lasting 
about 20 days. The pupa rests in an almost vertical position in a 
pupal chamber which curves inward and downward from the bark, 
usually to the heart of the branch. The middle section of the cham¬ 
ber has been enlarged somewhat by the larva for the more com¬ 
fortable accommodation of its body (fig. 2, A). 

THE ADULT 

The adults (fig. 1, A and B) are dark and slender, the males averag¬ 
ing considerably smaller than the females. The head and thorax 
of the male are greenish bronze, the elytra are purplish black, and 
the underparts are brassy; the female is bronze in color effect through¬ 
out. The average length of the male is about 8 mm., and that of the 
female about 10 mm. The beetles appear from May to July, are 
active only on warm days, and live for about two months. Most 
of the eggs are deposited in July and the first half of August. 

The beetle makes its escape from the pupal chamber through a 
sm^ D-shaped hole which it gnaws through the bark (fig. 1, E). 
This hole is usually from 1 to 3 inches above the spiral wotmd which 
kilib the terminal. The beetles appear from May to July, emergence 

mdividuaJs in a given locality occurring over a period of at least 
and the sea^n of emergence varying in different localities. 
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In the summer of 1924 a number of beetles were reared from 
hickory wood collected at Petersburg, Va., and French Creek, W. Va. 
Petersbtirg is approximately 115 miles south of French Creek, and 
is perhaps 1,400 feet nearer sea level than French Creek. As would 
be expected, the beetles from the more southerly locality, although 
belonging to the same generation, transformed and issued first. 
The beetles reared from the material collected at Petersburg num¬ 
bered 19, and they issued from May 30 to June 13, the maximum 
emergence being from May 30 to Jime 10. The number reared from 
the material collected at French Creek was 111, and emergence con¬ 
tinued from June 23 to July 17, the maximum emergence being from 
June 24 to June 30. The beetles from Petersburg appeared, on an 
average, from 20 to 30 days ahead of those from French Creek. 

The males appear a few days before the females, and they also 
die fii*st. In a lot of 10 pairs confined and fed in glass jars, all the 
females survived the males. Practically all the beetles left the wood 
in the morning and began to feed soon after they issued, making 
elongate notches and slits in the edges of the leaves (fig. 1, G). 
?klatmg took place within from 12 to 24 hours after emergence, and 
the first eggs were, as a rule, deposited from 10 days to two weeks 
later, A female in the act of egg laying was observed to first spend 
several minutes moving over the bark with the tip of her abdomen 
pressed against the surface as though searching for a suitable place 
to deposit her eggs. When such a place was fo\md she devoted 
about a minute to scraping the spot with her anal tip to smooth or 
moisten the siirface. She then laid an egg and immediately began 
to move the tip of her body rapidly across and in circles over the 
egg and the bark immediately surrounding it. This performance 
lasted 90 seconds, and when it was finished the egg was thinly 
covered with a transparent liquid, present in slight amount, which 
glued the egg to the bark. 

On July i, 1924, ten pairs of beetles which had recently issued in 
rearing jai*s and which had not begun to oviposit, were found in 
copulation, and they were confined by pairs in glass jars in an open 
msectary. They were provided daily with fresh hickory leaves for 
food and fresh hickory twigs on which to oviposit. A record was 
kept of the ^ number of eggs laid by each female and the time of 
death of all mdividuals. 

The 10 females laid 226 eggs, an average of 22.6 each. The 
greatest number laid by one female was 55, and the smallest number 
was 2. Eggs were laid during a period of 51 days. Two females of 
the lot issued from the wood on June 23, first mated on June 24, 
and hved until August 29, a period of 67 days. The greatest number 
^ females was 15: this was on July 

27. The penod of mpimum egg production was from July 12 to 
August 8. The females, on an average, lived about three weeks 
longer than the males. 

NATURAL ENEMIES 

Several species of hymenopterous parasites were found kilh'T^g the 
larvae of the borer, dthough a relatively small percentage of the 
msMte were p^asitized. These Hymenoptera included Lahenu 
api^is Cress., determined by K. A. Cushman; and Monogonogastra 
agnh (Asto.) md Zatropus sp. near nigroaeneus (Ashm.), deter- 
mmed by S. A. Rohwer. 
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METHODS OF CONTROL 

It seems probable that the hickoiy spiral borer may be held in 
check in mu'series and other plantations of small hickoiy and pecan 
trees by dusting or spraying with amenicals. Beetles kept in cages 
ate rather freely of the leaves with which they were provided, and 
they responded to the poison when it was given to them on sprayed 
foliage. In one instance 20 beetles, equally divided as to sex, were 
placed in a roomy cage over a live hickory branch that had been 
sprayed with lead arsenate at a strength of 2 pounds of powdered 
arsenate to 50 gallons of water. Two days later 9 of the beetles 
were dead, in 3 days 18 were dead, and the other 2 died in 4 and 5 
days, respectively. In a near-by cage set up as a check 50 beetles 
were confined over an unsprayed branch, and not one of these died 
during the period of the test. Arsenieals for the control of the borer 
should be applied from the fimt to the last of June, according to the 
locality. 

Infested young trees in nurseries and orchards should be pruned 
of the killed branches and terminals as soon as the leaves develop in 
the spring. By pruning thus early the insects will be collected with 
the prunings and may be destroyed by burning. Special care should 
be taken to cut off the small dead twigs that have been severed by , 
the first-winter larvae. Such twigs should be clipped a few inches 
below the dead part in order to make sure of getting the borer, which 
starts to move down the stem at the beginning of warm weather. 
Twigs containing the 1-year-old larvae need not necessarily be 
burned, as the borers within them will die when the twigs are cut off. 
By so disposing of the young borers the more serious damage which 
they would inflict later may be avoided. 



THE PINE BUTTERFLY, NEOPHxlSIA MENAPIA FELDER ‘ 

By James C. Evended 

Associate Entomologist^ Forest Insect Investigations^ Bureau of Entomologyj United 
States Department of Agriculture - 

INTRODUCTION 

Thousands of acres of yellow pine along the Little Salmon and 
Payette Eivers, Idaho, were severely defoliated by the pine butterfly 
(Neophasia menapia Felder) in 1922 and 1923. Much has been pub¬ 
lished concerning this insect, and very accurate descriptions of the 
various stages of its development have been given {7, 2, 4)/ but no 
data are available relative to its seasonal histoiy, and conflicting ideas 
have been advanced as to the number of generations per season (i, 6). 
Therefore it seems desirable to publish the results of the last two 
years' field and laboratory study of the insect in Idaho, including 
brief descriptions of the egg, larva, and imago, together with its 
distribution and its hosts. 

DISTRIBUTION AND HOSTS 

Epidemics of the pine butterfly have been recorded from various 
sections of the Northwest (5, 7). The insect has also been collected 
in California, and it is found as far east as the eastern or front range 
of the Rocky Mountains. Briefly, it may be considered as present 
in all of the pine forests in the western part of the United States and 
Canada. 

Practically all species of pine throughout the range of the insect 
are attacked to a greater or less extent, but western yellow pine 
(Pinus ponderosa Laws.) is the preferred host (fig. 1). 

Fletcher (8) records the pine butterfly as severely injuring Douglas 
fir (Pseudotsuga taxijolia (Poir) Britt.) in the coast regions of British 
Columbia. The writer has no record of injury to trees other than 
to pine in Idaho. 

DESCRIPTION 

AnULT 

Stretch (7) has very accurately described both the male and female. 
Nevertheless a brief description intended for field determinations 
may not be out of place in this paper. The pine butterfly very closely 
resembles the common cabbage Pieris. It has a wing expanse of about 
43 mm.; antennae black; head and body black above and white 
beneath, covered with hairs (fig. 2, E). 

Male. —The scales of the fore wings of the male are pure white, 
except for the black markings on the tips and a streak along the 
costal vein. On the under side the same general markings occur. 

The hind wings are white, except along the tips, which are lightly 
touched with black. On the under side the markings are heavier, 
and the black veins show through on the upper side. 

t Receive for mbUcation Jan. m, 1926; issued Angust, 1926. 

* The writer wishes to acknowledge the assistance given by H. 3, Rust, senior sdentific aid. Bureau of 
EntomoJiC^y, m ocmdueting the rearing experiments in connection with the laboratory studio. 
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Female* —The scales of the fore wings of the female are of a light 
yellowish color. The black markings are like those of the male, 
with a black apical margin in addition. On the under side the mark¬ 
ings are the same. 

The hind wings have the same yellowish tint as the fore wings, 
but they differ from those of the male in having heavier black lines 
along the tips. More black appears on the under side, all of the 
veins being marked with broad lines. On many specimens, but not 
all, there are bright orange-red spots along the apical margin. 

EGG 

The eggs (fig. 2, A), ram. in length, are laid along the pine 
needle, in rows of 5 to 20, at an angle of 45° pointing toward the 



EiG. 4*—stand of western yellow pine defoliated by the pine butterfly 


end of the needle, and are firmly cemented together. Fletcher (S) 
has described them as the ‘‘most beautiful objects, resembling 
minute emerald-green Florence flasks, vertically lined with delicate 
lines and with a beaded rim of poroelain-white knobs.” 

LAEVA 

Although the larval stages have been described fully by Edwards 
(f), a brief description of the young and mature larvae is included 
here for the convenience of the reader in determining the insect in 
the field. The larva is 2 mm. in length as it hatches from the egg; 
body a pale green, and head shiny black. The mature larva (fig. 
2, B) is approximately 25 mm. in length; body a dark green, with 
two white laterd strips down each side; head pale green, dotted 
raised white tubercle, each giving rise to a short hair; anal 
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shield similarly covered with white tubercles, produced behind into 
two blunt, well-separated projections; body skin covered vdth a 
fine pubescence; prolegs on abdominal segments 3, 4, 5, and 6 and 
the normal anal prolegs; crochets of prolegs biordinal, arranged in 
longitudinal band, 

BIOLOGY AND HABITS 

There is but one generation of the pine butterfly yearly in Idaho. 
This fact, however, is rather confusing to the casual observer or 
collector, since thei*e 
is a marked over¬ 
lapping of the sea¬ 
sonal history events 
by individuals of this 
one brood. Eleva¬ 
tion and exposure 
have a marked influ¬ 
ence on the develop¬ 
ment of the insect. 

Imagoes, especially 
males, are often seen 
at high elevations as 
late as October. 

The overwintering 
eggs hatch about the 
time that the new 
needles begin to ap¬ 
pear on the w^tern 
yellow pine. This 
occurs during the 
first half of June, 
depending upon the 
season. The devel¬ 
opment of the young 
larvae is very slow 
during the first two 
%eeks. They feed 
in clusters, encircling 
the needle, with 
their heads pointing 
toward the tip of the 
needle, makinga tiny 
ring of black beads. 

Only the fleshy part of the needle is eaten by the young larvae 
(fig. 3); but after the first molt the entire leaf is destroyed. During 
the first molt the shiny black head covering is shed, the subsequent 
color being a yellowish green. When the larvae are about half 
grown the habit of feeding in clusters is no longer continued, but 
often two or more may be found upon the same needle, especially 
if there is a shortage of food material. After the second molt growth 
h very rapid, and the larvae are approximately full-grown by the 
last of July, or about 50 days after hatching. 
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When mature, the larvae lower themselves by a silken thread, 
which sometimes is 75 feet or more in length, from the trees to the 
ground, where they pupate as chrysalids on shrubs, grasses, limbs, 
fences, tree trunks, or other objects. The pupal stage lasts from 15 
to 20 days. Mating occurs almost immediately after the emergence 
of the adult, and oviposition takes place a few hours later. These 
eggs overwinter and hatch the following June. 

The normal habit of the female is to deposit her eggs on the needles 
at the top of mature trees. However, in areas which have been se- 



FIG. 3,—Larvae of the pine hutterBy feeding on the foliage of western yellow pine 

verely defoliated she apparently is forced to seek suitable foliage on 
younger trees or else migrate to other areas, which she does in numer¬ 
ous instances. 

NATURAL ENEMIES 

Although the area defoliated by the pine butterfly in 1923 was at 
least 25 per cent larger than that in 1922, when the outbreak first 
t^ecMae serious, there was a heavy mortality caused by the natural 
of the insect, and it was believed that the epidemic was at 
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an end. This belief was fully substantiated during the 1924 season, 
as it was practically impossible to find a larva, and no damage was 

observed that season. i , /, 

The most important of the enemies of the pme butterfly was a 
parasitic ichneumonid (Theronia Judmscens Cress.) (fig. 4). This 
insect lays its eggs on the caterpillars, which, though severely weak¬ 
ened, are for the most part able to reach the pupal stage. The adult 
(fig. 4, C) emerges in September. The parasitized pupae can easily 
be^ distinguished from the others by their dark brown color, the 
normal pupae rang¬ 
ing from a pale to 
a dark green. A 
predacious _ hemip- 
teran (Podisus pja- 
ddus Uhler) was 
also present in large 
numbers, but the 
importance of this 
insect in the reduc¬ 
tion of the present 
epidemic is not 
known. It is pos¬ 
sible that these par¬ 
asites are responsi¬ 
ble for the cessation 
of the many sporad¬ 
ic outbreaks of the 
pine butterfly which 
have occurred in the 
past. 

ECONOMIC IM¬ 
PORTANCE 

The economic im¬ 
portance of pine- 
butterfly epidemics 
is rather uncertain, 
as the degree of dam¬ 
age depends entire¬ 
ly upon the severity 
of the defoliation. 

Though the termi- 4.—Theronia fulrescens, a parasite of the pine butterfly; A, para- 

« «1 ^ + sitized pupal cases, some of which show' emergeiu'c hole of parasite; 

nal bucis were not B, larvae; C, imagoes 

injured by the in¬ 
sects and new needles were produced after the two years’ defolia¬ 
tion, a large percentage of the overmature, decadent trees were 
unable to recover from the injury received and they began to die 
in 1924 and 1925. There is no doubt but that the effects of the dam¬ 
age which occurred during this outbreak will continue to appear for 
several years, with a loss ultimately amounting to several hundred 
thousand dollars. 
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SUSCEPTIBILITY OF THE BEAN TO THE VIRUS OF 
SUGAR-BEET CURLY-TOP* 

By Eubanks Carsner 

Asfsociftie PnilioJoyint. Office of Sugar Plants, Bureau of Plant Industrif, United 
States Department of Agriculture 

The disease of beans {PJiaseoIus vulgaiis) of a mosaic type, which 
is caused by the virus of ciirly-top in sugar beets, has not been 
descril^ed so' far as the ^yriter is" aware. The only reference that he 
knows of in this connection is one by himself,^ in which the bean 
was reported as one of the species which had been tested and found 
nonsusceptible. This statement was made on the basis of a test with 
the Pink bean, a popular California variety. Interest in the znatter 
was revived when circumstantial evidence suggested the possibility 
that a disastrous epidemic disease of beans which occurred in T\yiii 
Falls County, Idaho, in 1924 might have resulted from infestation 
of the beans'by the leaf hopper Euiettke temUa Baker, which trans¬ 
mits the virus of curly-top, 

^Vhen the question as to the cause of the bean disease in Idaho 
was raised, seed samples of seven of the varieties of beans commonly 
grown in Twin Falls County were obtained for the purpose of 
making test inoculations. Greenhouse plantings were made at once 
of two of these varieties—^the Montana White, or Great Northern, 
and Prolific Black Wax—and later the plants were inoculated. Viru- 
liferoiis leaf hoppers were caged on several plants of each variety, 
and nonviruliferous leaf hoppers were caged on similar plants as 
controls. The plants on which viruliferous insects were caged be¬ 
came diseased, while the controls remained healthy. Later, to prove 
that the diseased beans had curly-top, nonviruliferous leai hoppers 
were caged on them and then transferred to healthy beets. The 
beets to which these insects were transferred developed symptoms of 
curly-top. 

Tile symptoms of the disease on the beans were marked dwarfing 
and distortion of the leaves which grew out after infection had oc¬ 
curred. These affectkl leaves became darker green than were the 
corresponding leaves of the check plants, and became i>uckered, 
wdth their edges curved downward (fig. 1). The puckering was 
probably due, as is often the case in curly-top beets, to the severer 
checking of the growth of the fibrovascular bundles than of the in¬ 
tervening mesophyll. The leaf veins showed slight clearing when 
viewed by transmitted light, as is shown conspiciously by affected 
b^ts, but no irregular swellings such as are so characteristic of the 
disease in beets were found. 

The greenhouse inoculations indicated a difference in suscepti¬ 
bility to the disea^ between the two varieties, the Montana White 
seeming more resistant. To test this matter further, field plantings 


1 Received for publication Jan. 4,1926; issued August, 1926. 

2 Carsner. E. suscEPHsiUTy op various plants to curly-top o" sugar beet. Phytopathology 
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^ve^e made of the tw’o varieties mentioned, and also of five other 
varieties. Fifty to 75 plants of each variety were inoculated by 
caging four viriiliferous leaf hoppers on each plant. One month 
after inoculation the following observations were recorded: 



Fig. t.—Curly-top of garden bean (Phaamlus vulgarUit var. Prolific Black Wax). 
Fi^e viruliferous leaf hoppers were caged on the plant on the right on Decem¬ 
ber 24, 1924. Five nonviruliferoas leaf hoppers were caged on tihe plant on # 
the left on the same day. (Photographed January 13, 1925) 

The Montana White, or Great Northern, variety seemed rather 
resistant; the inoculated plants were only slightly smaller and less 
healthy in appearance than the uninocnlated controls. 

Prolific Black Wax was less resistant than Montana White, but 
not as susceptible as the other five varieties. 
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Pencil Pod Black Wax was slightly more susceptible than Black 
Prolific. 

Giant Stringless, Full ^Measure, and Improved Golden Wax seemed 
about equally susceptible and slightly more so than Pencil Pod Black 
Wax. 

Black Valentine seemed most susceptible of all. 

When the last observation was made on these field plants on Sep¬ 
tember 17, about two-thirds of the plants in the row of Montana 
White were alive, and one j)lant was alive in the row of Prolific 
Black Wax, while in the rows of the five other varieties all plants 
were dead. 

It is of interest to note in connection with these observations on 
resistance and susceptibility that, according to E. P. Brossard, coimty 
agent of Twin Falls County, the Montana White, as well as the 
Pink variety, was injured in decidedly less degree by the epidemic 
disease in that district than were other varieties, and that Black 
Valentine was the most seriously affected of all. 

The writer is still uncertain whether the e^Didemic disease of beans 
in southern Idaho was curly-top or not. The epidemic Avas called to 
the writer’s attention in the faU of 1924, and he had no opportunity 
to see affected plants in the field. However, certain lines of circum¬ 
stantial evidence suggested that the disease might haA^e been curly- 
top. One phase of this evidence which seems worth mentioning is 
the fact that the leaf hoppers invaded the cultivated areas of southern 
Idaho in enormous numbers in 1924; and the fact, observed by 
SeA-erin^ and by C. F. Stahl and the writer (unpublished),that when 
the leaf hoppers fly into cultivated areas in immense numbers they 
at first settle down on practically any green vegetation. Aside from 
this observation and the reported similarity in A^arietal resistance, it 
might be mentioned that the symptoms as described to the writer by 
Brossard and another obserA^er corresponded to the curly-top symp¬ 
toms seen when viruliferous leaf hoppers Avere caged on healthy bean 
plants. In the season of 1925 no serious damage to beans from dis¬ 
ease was reported in southern Idaho. The writer-has no direct evi¬ 
dence to support the view, but he is inclined to think that the non- 
occurrence of the epidemic disease in that district in 1925 may be 
correlated Avith the fact that the number of the beet leaf hoppers was 
very much less in 1925 than in 1924, Avhen there Avas a great abun¬ 
dance of them. 

In regard to the occurrence of curly-top on beans in California, 
the writer has made no observations in commercial fields in that 
State. He is, however, authorized to quote the following statement 
made to him by Henry H. P. Severin, of the California Agricultural 
Experiment Station, who conducted studies in 1925 when the beet 
leaf hopper was exceedingly abundant in California: 

It was demonstrated that many varieties of fiekl beans, as well as a large 
number of other crops, were affected with curly-top under natural conditions. 
In the lower Salinas Valley where Small AVhite beans were grown in the 
vicinity of a beet field which had been plowed under owing to curly-top, the 
beet leaf hoppers flew into the bean fields, and an average of 63 per cent 


® The following is quoted from a manuscript by H. H. P. Severin now being prepared : 
** San Joaquin Valley—Plights in middle valley: When the immense swarms of beet leaf 
hoppers flew into the cultivated regions on Apr. 14, 1919, they were found during the 
next day generally distributed on green vegetation, but later they congregated on their 
most favorable host plants for the purpose of feeding and egg laying,” 
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of the bean plants showed typical symptoms of the disease on August 19-20. 
Bean plants showing curly-top symptoms were transplanted from the field to 
flower pots in the greenhouse. Noninfective beet leaf hoppers were allowed 
to feed on these bean plants for a period of three days or longer, and were 
then transferred to healthy sugar beets. In the cases where the beets developed 
curly-top, plainly the curly-top virus had been transmitted from bean plants 
naturally infected under field conditions. Noninfective leaf hoppers which had 
been allowed to feed on apparently healthy bean plants which had been trans¬ 
planted from the field failed to produce curly-top in beets. Such leaf hoppers 
after feeding on healthy beans grown from seed in the greenhouse also failed 
to transmit the virus. 

The question whether or not the leaf hopper finds the bean a favor¬ 
able host plant is significant from the standpoint of the amount of 
damage to the crop that may be expected from curly-top. That the 
bean is not a favorable food plant for the insect is indicated by the 
fact that in cage experiments all of the leaf hoppers died within 17 
days after being caged on the beans. Principally on this account the 
writer is inclined to the opinion that it is only in seasons when the 
leaf hopper is relatively very abundant that serious damage to the 
bean crop from curly-top may be expected, rather than that the 
disease will be a continual menace as it is to sugar beets. 



QUANTITATIVE INHERITANCE IN PHASEOLUS ‘ 

By Karl Sax 

Biologist^ Maine Agricultural Experiment Station 
INTRODUCTION 

The characters which involve productivity in plants are usually 
dependent upon so many factors that a satisfactory study of the 
inheritance and yield can be made only by a study of linlvage relations 
with simple qualitative factors. This method of analysis should 
also show the interrelation of many of the factors involved in pro¬ 
ductivity. 

MATERIALS AND METHODS 

The parents selected for this investigation were the Syinonds 
White bean, and a small-eyed bean selected from a cross of Improved 
Yellow Eye X Small White. They are both of local origin, and 
differ in many characters. The Symonds White bean, of unknown 

f mrentage, is very productive, comparatively early, and bears very 
arge white seeds. The small-eyed bean is unpiuductive, bearing 
small, partially pigmented seeds. Although the Sjunonds is a bush 
variety the plants are very large and are as tall as those of the small¬ 
eyed variety, which is a runner type. Data on the parental varieties 
and the Fg segregates are given in Table 1. The mean values of 
the various parental distributions were calculated from frequency 
distributions with smaller units in case of yield per plant and seed 
weight. 

The Fi was very productive; the plants were of the runner type, 
and the seeds were large, completely pigmented, and mottled. The 
Fi and F 2 and the parental varieties were grown in an insect-proof 
cage to prevent cross-pollination. In the F 2 the date of appearance 
of the first blossom was recorded for each plant. The length and 
breadth of the largest leaf on each plant was measured in order to 
get an index of leaf type. Leaf type was obtained by dividing the 
length of the leaf by the width. The segregates were also described 
as runner or bush. All runner beans were trained on strings to 
permit maximum development. All beans on each plant were 
harvested, and the total yield in grams and average seed weight in 
centigrams were calculated later in the year. 

EXPERIMENTAL DATA 

The F 2 plants segregated in a ratio of 27 mottled: 9 self-colored: 
12 eyed; 16 white, indicating that simple independent factors are 
involved for the characters pigmented versus white, completely pig¬ 
mented versus eyed, and mottled versus self-colored. The segrega¬ 
tion of vine type is also probably dependent on a single-factor dif¬ 
ference which is not linked with the seed-coat characters described, 
although the proportion of bush-type plants is considerably too 
iaige. 


i BiMjeivsU for puMieation Jan. 27, 1926; issued August, 1926, This is Paper No, 173 from the Biological 
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The other characters—average weight of seed, total yield per plant, 
date of first bloom, and leaf type—did not show any simple segrega¬ 
tion, but seemed to follow the usual type of so-called blending inherit¬ 
ance. .The frequency distributions of these characters in the F 2 , 
together with the parental distributions, are given in Table 1. With 
the exception of yield per plant, the F 2 distributions are more or less 
intermediate in the parental values. In the case of date of first 
bloom of the Synionds parent it is probable that the earliest plants 
were not recorded until they had been in bloom for several days, 
and accordingly the mean value should be somewhat earlier than 
recorded. In the case of yield per plant there is a very interesting 
behavior of the distribution in Fa. The mean value of the Fa dis¬ 
tribution is significantly greater than that of the more productive 
parent, and has a decidedly skewed frequency distribution. It is 
evident that these character showed no simple segregation and that 
many factors are probably involved in effecting seed weight, yield 
per plant, date of bloom, and leaf type. 

Table 1. —Frequency distributions of quantitative characters in parents and oj 

Phaseolus 


Numtier of plants in first bloom on— 


Plant 

July n 

July 13 

July 15 

July 17 

July 19 

July 21 

July 23 

July 26 

July 27 

July 29 

Aug. 1 

Aug. 3 

i 

< 

Total; Mean 

1 

Symonds. 

.1 . 3T 

27 

4 

3 

0 

0 1 



1 

72 18.39±0.16 

Eye. 

.L—i. 0 

18 

34 

5 

1 

0 3 



61 21.03±.19 

Fa. 

.! sis 22 119 

96 

64 

24 

8 

0 6 0 

_ i 

1 

1 

347 18.98±.ll 



Number of plants whose leaf length divided by width gives index of— 


Me€m 

Plant 

1.0 

u 

1.2 j 1.3 

- 

1.4 

} ' : 

1.5 ! 1.6 I, 1.7 1.8 1.9 

j ! 

2.0 

1 Olui 


Symonds.... 

3 

1 

17 30 

16 

41 1 '.'... 


72 

1.299d=0.009 

Eye.1 




2 

5 ' 16 i 18 t 14 5 

i 

61 

1.692=h . Oil 

Ft .i 


2 

io : 57 

96 

75 i 71 24 ; S 0 

i i ! ! 

3 

347 

1.47 =b .005 


Number of plants giving yield per plant of the indicated weight 
in grams { 
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i 0 

! to 5 

1 s 
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30 
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i 

45 

50 

55 

60 65 

I Total Mean 

70 1 
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Symonds. 1 7 
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Ft. 64 36 

22 27 12 : 3 

9 1 — 

44 54 33 29 

'W 
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1 
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.... 

"""■ 

1 ' 

3 2 

72 15.57±0.41 
.... 61 7.49± .21 

2! 347 19.89i.65 
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Number of plants having seed weight as indicated 1 
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Qmniitative Inheritance in PMmoIus 


In studying the association of size characters with qualitative 
characters it is impossible to distinguish between a single factor 
which effects both qualitative and quantitative characters and two 
separate factors which are closely linked. If two factoi-s are involved, 
their linkage relations can be approximately determined by growing 
the Fs families, as Sirks ^ has done in his study of the inheritance of 
seed weight in the garden bean. So far as the study of the inheri¬ 
tance of size and yield characters are concerned, however, it makes 
little difference whether a single factor effects both qualitative and 
quantitative characters or two linked factors are involved. The 
relative differences between each homozygous class of F 2 segregates 
and the heterozygous class will also be the same regardless of the 
amount of crossing over between the two factors. In the following 
discussion we have assumed that the size factors are linked with the 
qualitative factors when the respective characters are associated. 

If these quantitative charactei*s are dependent upon a number of 
genetic factors for their expression, one would expect to find some 
linkage with one or more of the four independent characters involv¬ 
ing seed-coat pattern or vine type. The data showing the relation 
between the qualitative and quantitative chai‘acters are shown in 
Table 2. In previous investigations it was found that seed weight 
was linked with mottling and pigmentation of the seed coat.^ In 
this cross there seems to be no linkage between seed weight and seed- 
coat pattern, although the difference between the parental varie¬ 
ties is very great. 

Table 2 . —Data showing segregation and relation of qualitative and quantitative 
characters in Fz of Pkaseolus 


CLASSES OF SEGREGATES 


Segregation in Fs 

Mottled 

' 

Self 

Eyed 

White 

Total 
number of 
plants 


Numbers obtained. 

142 

46 

80 

79 

347 

P«, 12 

Thewetical for 27: 







9:12:16. 

145 

49 

65 

86 



Vine type: 







Runner_... 

89 

35 

56 

56 

236 


Rush - 

53 

11 

24 

23 

111 






i 

J^unner 

: Bush 

Seed weight. 

46.63±0.40 

46.11±0.62 

45.70rfc0.47 

46.25±0.47 

47.09d=0.28 

44.50dr0.43 

Yield. 

21.46±1.00 

21.41d=1.35 

17.44rfcl.01 

18.67± .90 

24.21=fc .67 

10.70d: .61 

Date of bloom. 

18.32d= .16 

i9.96±.36 i 

19.88± .25 

18.70d= .16 

19.25±.13 

18.42=fc .42 

Leaf type. 

1 

1.452± .008 

1.502± .012 

1.486d= .013 

1.466=fc .011 

1.480=fc .006 

l,452rfc ,016 


Yield per plant has also been found to be linked to some extent 
with seed-coat characters.^ In this cross the mottled and self-colored 
segregates are significantly more productive than the eyed and white 
segregates. This suggests that one or several of the factors for 
productivity are linked with the factor for extension of the pigment. 
If this is the case, then the white segregates should be more or less 
intermediate in productivity as compared, with the mottled or self 


*Su£KS, M. J. the INHEEITANCE of SBEDWEIGHT in the GAEDENBEAN (PHASEOLXJS VUI.GAEIS). 

1. Geaetiea 7:119-169, Ulus. 1925. 

»Sax, K . the association of size differences with seed-coat pattern and pigmentation in 
PHASEOLUS VULGARIS. Genetics 8: 552-560. 1923, 

* Sax, K . the nature of size inheritance, Natl. Acad. Sci. Proc, 10:224-227. 1924. 
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classes and the eyed segregates, because one-fourth of the whites 
should be homozygous for the extension factor and one-half of the 
whites should be heterozygous for the extension factor. The white 
segregates are more or less intermediate in yield, as would be expected, 
although the differences are not statistically significant. However, 
the odds are ^eater than SO to 1 that the mottled and self classes are 
more productive than the eyed and white classes. 

In calculating the probable errors of the differences in weight or 
yield of the various classes of se^egates the formula P. E.i+P. E.i 
was used, although this method is legitimate only when there is little 
or no correlation between the two distributions which are being com¬ 
pared.® For instance, it would be possible to obtain a fairly high 
correlation between the two classes of segregates if the plants were 
grown on heterogeneous soil. Both classes of segregates would be 
relatively productive on a good soil and relatively improductive on 
a poor soil. By comparing adjacent or neighboring segregates, the 
degree of soil variability can be determined even when the plants 
themselves are not systematically distributed so that the method of 
testing soil heterogeneity suggested by Harris ® can be used. In the 
comparison of the mottled and self segregates versus the eyed and 
white classes, the yield of each plant was correlated with the yield 
of the nearest contrasted segregate. This method gives an approxi¬ 
mate test of soil heterogeneity, which is measured by the value of r. 
In this cross the value of r was 0.09 ±0.07, indicating that there was 
no significant correlation between the two classes of segregates under 
comparison. Accordingly, then, the probable error of a difference, 
in this case, can be taken as the square root of the sum of the squares 
of the probable errors of the two frequency distributions. 

Evidently the time of flowering is determined by a number of 
factors, and might be expected to show linkage with one or more of 
the three seed-coat characters. As indicated in Table 2 the self- 
colored and eyed segregates bloomed significantly later than either 
the mottled or white classes. There is, however, no consistent superi¬ 
ority of one class of segregates. High productivity can not be linked 
with the recessive mottling factors, because most of the eyed segre¬ 
gates are mottled. It is possible that certain combinations worlSng 
together result in productive or unprofuctive plants. The odds are 
about 150 to 1 that either the mottled or the white class blooms 
earlier than eigher the self or eyed segregates, but time of flowering 
does not seem to be linked with any single one of the seed-coat 
characters under consideration. 

The leaf types of the two parents differ considerably and show no 
evidence of simple segregation in the F 2 . There is not as much asso¬ 
ciation between leaf type and seed-coat characters as might be 
expected. The leaves of the self-colored segregates are significantly 
different in shape than the mottled segregates, but when compared 
with the other two classes of segregates the differences are of doubtful 
significance. 

The ^ociation of quantitative characters with vine type is espe¬ 
cially interesting. The seed weight of the runner segregate is greater 
than that of the bush type, although in the parents this relation is 


JC. the ** probable errok’^ in HOETiccLTi'EAL EXPERIMENTS. Amei. Soc. Hoft. Sci. Proc- 
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reversed. The relation between seed weight and type of vine may 
not be due to linkage in the usual sense of the term, but it may be 
the result of greater vigor of the runner segregate. 

The runner segregates in F 2 were more than twice as productive as 
the bush segregates, although the bush parent was about twice as 
productive as the runner parent. The runner segregates were also 
much more productive than the productive bush parent. This 
reversed relation between yield and parental characters c^n hardly 
be explained entirely on the basis of linkage of productivity factors 
with the indeterminate type of growth. There might, of course, be 
some such linkage, and yet the runner parent would be relatively 
unproductive, owing to numerous factors for low yield in other link¬ 
age groups. In this case, however, the yield of the F 2 runner segre¬ 
gates was so much greater than the yield of ‘the runner parent that 
there must be some other explanation for the increased yield in the 
Fg. The runner parent was relatively small and weak and was no 
taller than the Symonds bush parent, a very vigorous, productive 
type of bush bean. In the F 2 it is probable that the factor for vigor 
and productivity contributed by the Symonds parent, combined with 
the runner type of vine which increases the potential bearing surface 
of the plant, resulted in F 2 segregates of unusual productivity. 
Although the eyed parent was of the runner type and should have 
the capacity to carry a large number of seeds, yet it was so lacking 
in vigor that it produced comparatively few pods. 

The differences in date of bloom of the bush and runner segregates 
are statistically significant and are in accord with the parental rela¬ 
tions. It is quite possible that the relation between vine type and 
time of flowering is due to linkage in the usual sense of the term, 
although perhaps the greater vigor of the runner type might cause 
the delay in blossoming. There is no significant difference of runner 
and bush leaf types in the F 2 . Seed weight and date of bloom show 
some association or linkage with vine type, but the association is 
opposite that found in the parents. Such a relation might be ex¬ 
pected, occasionally, of course, but it is more probable that the 
association in this case is due to physiological causes. 

SUMMARY 

In a cross of Symonds white bean X a small-eyed bean of local 
origin, the F 2 segregates gave a ratio of 27 mottled, 9 self-colored, 
12 eyed, 16 white, indicating that the simple factors for pigmenta¬ 
tion, mottling, and extension of the seed-coat pigment are inde¬ 
pendent. Vine type, whether runner or bush, is also probably de¬ 
pendent upon a single factor which is independent of the above 
seed-coat characters. The characters, date of bloom, leaf type, 
seed weight, and yield per plant, apparently are dependent on 
multiple factors in each case. If these quantitative characters are 
dependent on many independent factors for their expression, there 
should occasionally be some linkage of these characters with the 
simple qualitative characters of seed coat and vine type. There is 
some linkage of yield with the extension factor. Date of bloom and 
leaf type flso show some association with certain seed-coat char¬ 
acters, although the relation is not a simple one. Seed weight and 
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date of bloom show some association or linkage with Tine type, but 
the association is opposite that found in the parents. 

The association of yield per plant with vine type is of considerable 
interest from the standpoint of the plant breeder. In the F 2 the runner 
segregates are more than twice as productive as the bush segregates, 
although in the parents this relation is reversed. The runner parent 
is very weak and unproductive, while the bush parent is vigorous 
and productive. In the F 2 the combination of vigor and potential 
productivity with the runner type of vine which permits a maximum 
development of pods, results in runner segregates more than three 
times as productive as the runner parent and much more productive 
than the bush parent. 



CRANBERRY FLOWER-BUD INVESTIGATIONS ‘ 

By Donald Sewall Lacroix 

Investigator, Cranberry Substation of the Massachusetts Agricultural Experiment 

Station 

INTRODUCTION 

The significance of the study of the fruit-bud development in any 
plant of economic importance is apparent when it is considered that 
the subsequent fruitfulness of any such plant depends upon the 
formation and proper development of the buds in their incipient 
stages. To quote Drinlcard,^ “If it is possible to ascertain the time 
of tie formation of the fruit buds of our leading fruits, and to trace 
the development of the buds thi‘ough every stage of their life history, 
noting the time of every important change, this information will 
enable us to attack the still more vital question of the factors which 
influence the formation of fruit buds and are conducive to their, 
proper development.’’ 

The study of buds through their early stages is a rather recent 
phase of horticultural research, the most important of such investiga¬ 
tions having been conducted since the late nineties. Fruit growers 
have recognized for many years that the buds of our important fruits 
are formed some time during the season previous to blossoming. 
Pomologists of many of the experiment stations have worked out in 
detail the life histories of the fruit buds of practically all of the most 
widely grown fruits, it now being known just when bud formation 
takes place and when the important changes come about in the 
subsequent development of the buds. 

In 1901 Goff ^ reported on a few preliminary studies of the cran- 
ber^ bud in Wisconsin. Since that time no work has been recorded 
indicating similar studies of this plant. In view of this and of the 
fact that cranberry growing is one of the important industries in 
Massachusetts, it was deemed advisable to investigate and bring 
together observations on the life cycle of the cranberry blossom. 

OUTLINE OF THE WORK 

The bud studies were conducted by the author on Massachusetts 
bogs. It is a general practice in the Cape Cod district to flood the 
cranberry bogs with fresh water during the winter. This winter 
flowage may be held on the bogs until late in May, as a control 
measure against certain insect pests: or it may be drained off early in 
April. Here a problem presents itself. What effect has early drainage 
on the development of the cranberry bud and the subsequent develop¬ 
ment of the fruit, as against late holding of the winter flowage? 


^ Received for publication Jan. 28, 1926; issued August, 1926. Submitted for publitaation with the 
approval of the Birector of the Massachusetts Agricultural Experiment Station. 
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The studies, carried on through three complete seasons, have been 
divided into two parts: (1) A study of the morphology of terminal 
buds taken throughout the year; and (2) blossom counts and berry 
counts in the field. In each case an attempt has been made to note 
any differences on “early drained” bogs and “late-held” bogs, to 
determine just what effect early draining or late holding of winter 
flowage has on the buds, blossoms, and set of fruit. 

MORPHOLOGY AND LIFE HISTORY OF THE CRANBERRY BLOSSOM 

Material to be used in a study of the morphology and life cycle 
was collected on the experiment station bo^ at East Wareham at 
two-week intervals through summer and fall; at monthly intervals 
during the winter; at two-week intervals after April first; and semi¬ 
weekly immediately before the blossoming period. Samples were 
taken from each of the two most widely grown varieties, Early Blacks 
and Howes. 



Fig, 1 .—Types of cranberry terminal buds: A, Terminal bud eontaining incipient fruit buds; B, 
terminal bud of “rosette” type; contains no incipient fruit buds; C, terminal bud which develops 
into new growth with no fruit buds. All X 8.3 

Each sample consisted of 25 terminal buds, and was subjected to 
the usual process of kfiling in ehroni-acetic acid and washing. The 
material was then carried through the alcohols to 70 per cent in which 
it was preserved until winter, w'hen the embedding, sectioning, stain¬ 
ing, etc,, were completed in the laboratory. 

The cranberry vine, as it trails along over the surface of the 
bog, sends up woody stems or uprights. The stems may or may not 
bear terminal buds. The terminal buds, when -well developed, may 
be one of these three types: (1) A round, compact, solid bud, cov¬ 
ered with tightly fitting scales (fig. 1, A); or (2) a loosely set rosette 
of scales and small leaves (fig. 1, B); or (3) an elongate, sharp- 
pointed, scale-covered “shoot bud” (fig. 1, ( 5 ). The first type con¬ 
tains blossom buds. The second contains no blossom buds, it 
usually developing as a result of some injury to the normal terminal 
buds. The third type usually develops into a new growth of upright, 
and contains no embryo flowers. These three types are usually 
distinct by the first of October. Prior to that time it may be diffi¬ 
cult to distinguish between a terminal bud of the first type and one 
of the last, since they assume similar shapes early in the season. It 
-.kB Ae first type which is dealt with in this paper. 
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The photomicrograph of the longitudinal section of a terminal bud 
shown in Figure 2, A, represents the general condition of buds late in 
July and early in August. The bud in Figure 2, A, was taken August 
1, 1924, aud it is representatiTe of buds taken during the two pre¬ 
vious years on that date. Under the bud scales there is a “crovm'’ 
or growing point of meristematic tissue. Incipient bud scales are 
present as small lateral outgrowths. No flower-bud primordia are 
yet visible. 

Figure 2, B, is representative of sections of buds taken in the mid¬ 
dle of August, the figure shown being from a bud taken August 15, 
1924. An incipient flower bud has started as a minute lateral out- 
pushing, as may be seen at the right of and just below the growing 
point. The earliest embryo flower bud on the station bog was 
found on August 10, 1922. Goff ^ states that he found the first 
incipient flow^ers in Wisconsin on September 16. 

Figure 2, C, is representative of buds taken from late August to 
the middle of September. The incipient flower buds have become 
larger, and lateral projections around the bud on the left are the 
first intimation of petals. These projections are more pronounced 
in Figure 2,D, which is typical of buds in middle September and early 
October. In this bud the rudimentary sepals can be seen immedi¬ 
ately outside of and below the developing petals. 

In October growth is apparently limited to the petals and sepals, 
an incurving and overlapping of the immature petals taking place. 
It is in this condition that the buds pass the winter, and they are 
thus doubly protected by the bud scales and by the overlapping 
petals (fig. 2, E). 

Growth is resumed soon after the removal of the winter flowage; 
it is manifested in the terminal bud by the formation of two pro¬ 
tuberances beneath the incurved petals (see bud at right in fig. 2, F). 
It is at this point that the tissues for the future stamens are first 
laid down as visible thickenings, in the formation of these two pro¬ 
tuberances, which are the primordia of the stamens. Similar buds 
have been taken on late-held bogs where the water was shallow and 
warm, but as a general rule tMs type of growth is found only after 
the winter flowage has been off for a week or more. Up until this 
time, there has foen no marked change in the outward appearance 
of the terminal bud. 

In Figure 2, G (bud taken May 3, 1923) the conditions existing late 
in April to early in May are shown. Here the small flower buds 
are no longer sessile but are distinctly stalked, the petals and sepals 
are more elongate, and the primordia of the stamens are somewhat 
krger. In the bud at the right a central prominence beneath the 
immature stamens indicates an incipient stage of the future pistil. 
A distinct swelling and rounding out of the whole terminal bud has 
become apparent, and the first indications of ^'burstingare visible. 
The bud scales are no longer wrapped tightly over the bud, but are 
beginning to separate. Figure 3, A, shows an upright bearing a 
terminal bud in this st^e. 

Fkure 2, H, which is representative of buds taken in the middle 
of May, shows clearly (at the left) two of the four or five proturber- 
ances which later become elongate and fuse to form the pistil. 


* Goff, E. S. Op. cit. 





Fig. 2.—Axial longitudinal seefeions of terminal buds, flower buds, and mature flower, of cranberry, 
ta&®i at different stages of development: A, Terminal bud taken August l; B, terminal bud 
taken Augu^ 15; C, tmninal bud taken August D, terminal bud taken September 20; E, 
terminal bi^ taken October to April; F, terminal bud taken April 17; G-, terminal bud taken 
May 3; H, teammal bud taken May 17; I, terminal flower bud taken May 27; J, terminal flower 
bud taken June 0; K, di^ammatic sketch of mature flower, {an, anther; pistil; pc, 
pedicel;s^pal; p, petal; o, ovary.) (A to J, inclusiv©, x 20) 
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Bud conditions during the latter part of May are represented in 
Figure 2, I (bud taken ]\Iay 27, 1923). This photomicrograph was 
taken of an immature flower bud which had become wholly independ¬ 
ent of the protective bud scales. It had reached the “rough-neck” 
stage, so called because the small flower buds are scattered closely 
along the new shoot, giving the latter a rough appearance (fig. 3, B). 

Figure 2, J (a photomicrograph of a bud taken June 9,1923), repre¬ 
sents the general condition of buds shortly before blossoming, a stage 
that is sometimes referred to as a “pod” (fig. 3, C and D). The 
immature ovary is distinct, and the seed primordia (ovules) can 
easily be observed hanging as clusters in the cavity. The fusion of 
the carpels to form the pistil is well toward completion. The petals 
are more elongate and are arching upward and outward prior to 
opening. A slightly more advanced condition is indicated in Figure 
3, D, and E. 



Fig. 3.—Upright, or shoot, of cranberry, showing buds in progressive stages: A, Terminal bud just 
bursting open; B, an upright in so-called ‘*rough-neck” stage; C and D, flower buds in the “pod” 
stage; E, flower buds drooping just before opening. (AU natural size) 

diagrammatic sketch of the mature cranberry flower in longi¬ 
tudinal section is shown in F^ure 2, K. 

These illustrations show the complete life cycle of the cranberry 
flower. In each case an attempt was made to pick out samples of 
material that were fairly representative of conditions at the various 
periods. There is more or less overlapping. For example, in some 
instancy buds were found passing the winter in the condition repre¬ 
sented in Figure 2, F; but such a case was not a common one and 
could not be called a fair sample of conditions in the winter. 

FIELD OBSERVATIONS 

Many growers have held the opinion that, although late holding 
of winter flowage on cranberry bogs is beneficial in controlling cer- 
^ tain insect pests, such practice has a tendency to reduce flower-bud 
development and consequently to reduce the yield. As far as can 
be determined all arguments advanced on either side of the question 
have not heretofore been substantiated by actual tests. In view of 
this fact it was considered desirable to collect data on bud conditions 
from a large number of bogs over a period of several years, and in 
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The average for the three seasons indicates that late holding may 
be responsible for a reduction in the number of flowers. For example, 
for the three years the average number of flowers per 100 uprights of 
Howes was 3i7.6 on early drained bogs and 295.0 on late-held bogs. 

Flowers were aborted in some instances. That is, the two leaflets 
or bracts which alwa%^s accompany a blossom could be found on some 
uprights, but no floral development took place, no blossom was 
formed. This condition was observed in 1923, but in such small 
numbers that it apparently had no important bearing on the 
question. No such condition was found in 1924 and 1925. Table 2 
indicates the average number of blossoms per 100 uprights, as com¬ 
pared with the average number of aborted blossoms, on the two 
types of bogs. The figures therein indicate that late holding increases 
the tendency of blossom abortion. 

Table 2. —Average number of blossoms and average number of aborted blossoms per 
hundred of uprights on Early Blacks and Howes, the two varieties of cranberries 
most commonly grown in the Cape Cod section, on the two types of bogs 


j Number of blossoms per 100 uprightr 

I-^- 

1023 Howes I Blacks 



Aborted , 

Perfect 

Aborted 

Perfect 

Early drained bc^s ____ 

i 4. 75 , 

351.5 

304,0 

0.66 

10.40 

414.6 

300.8 

Lat€*held boss. 

j 11.00 : 


Counts were made in similar manner of the number of berries 
which set and of the number of berryless’’ pedicels (to indicate 
the “nonset”). These averages are included in Table 1 ^so. TWe 
data indicate that late holding of winter flowage slightly increased 
the set of Howes berries and very slightly decreased the set of Early 
Blacks. On the other hand, the number of berries Tvhich did not 
set is fewer in both varieties on the late-held bogs. By adding the 
number of berries that set and the number of those that did not 
a sum is derived which may be called the “possible set.” Using 
this as a basis, the percentage set is readily obtained. Forty-six per 
cent of the Howes set on early drained bogs, and 59 per cent set on 
the late held. Fifty-one per cent of the Early Blacks set on early 
drained bogs, and 56 per cent set on the late held. The percentage 
set was greater on late-held bogs in both varieties. This indicates 
that while the actual number of blossoms and the actual number of 
berries may be decreased by late holding, the percentage of berries 
which set may be increased. 

From a practical standpoint, then, late holding of the winter 
flowage reduces bloom, but increases the set of fruit. Meeting the 
requirements of a large number of blossoms is such a heavy drain on 
^ the energy of a plant that a greater percentage of the latter do not 
become fruit. On the other hand, if the number of blossoms is 
reduced through the influence of external factors (late holding) the 
plant energy has only to supply the requirements of a few blossoms— 
hence the increased ability to set fruit. 

Further investigations on weather conditions (rainfall, temperature, 
etc.) resulted in but one satisfactory set of correlations, namely, 
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temperature and yield. The mean annual temperatures for Cape 
Cod were obtained from records at the meteorological stations at 
Middleboro, Plymouth, Hyannis, and Provincetown, by averaging 
the mean annual temperatures of these four stations. The total crop 
in barrels for each year was compared mth this mean annual tempera¬ 
ture. The 3^ield was considerably greater in a year following a rela¬ 
tively warm year, and correspondingly smaller in a year following a 
cool year. See Figure 4. 

For example, 1913 was the warmest year in the period from 1902 to 
1919, inclusive, and the crop of 1914 was the largest in the period. 
The years 1904,1916, and 1917 were the coolest of the period and the 
crops for 1905 and 1917 were the smallest. 
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Fig. 4.—Relation“l»etweeii mean aniiaal temperate® and tlte size of the annual cranberry crop, on the 
Cas>e Cod, Mass., bogs, the 18-year period 1902 to 1919, inclusive 

It would seem, then, temperature is an important factor in fruit- 
bud formation,^ Crops can not be harvested unless fruit buds are 
formed, and fruit buds apparently require a warm season for the best 
deveiopnaent. 

SUMMARY 

Flower buds are first observed on cranberry plants on Massachu¬ 
setts bogs in the middle of August of the season previous to blossom- 

A process of growth and development is observed in the incipient 
lower buds through the late summer and early fall preceding blos¬ 
soming. 

Apparently no growth that is visible takes place in the buds during 
the winter. 

Growth is resumed in the spring immediately after the removal of 
winter flowage, and continues at a rapid rate until full bloom in 
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The field observations indicate that late holding of winter flowage 
tends to retard bud development, decrease the number of blossoms, 
and increase the percentage set of fruit. 

The largest crops of cranberries are harvested the year following a 
high mean annual temperature, and the smallest crops are harvested 
the year following a low mean annual temperature. Since the flower 
buds are formed and partly developed the year previous to blossom¬ 
ing, it appears that temperature is an important factor in the forma¬ 
tion and development of the flower buds, a high temperature being 
favorable to their growth, a low temperature unfavorable. 






BROWN-SPOT DISEASE OF SOY BEAN' 


By Feederick A. Wolf, Plant Pathologist, Office of Fruit Diseases, Bureau of 

'Plant Industry, United States Department of Agriculture, and S. G. Lehman, 

Plant Pathologist, North Carolina Agricultural Experiment Station 

INTRODUCTION 

The investigations reported in this paper were begun late in the 
siimnier of 1922, when the writers’ attention was fii'st drawn to a 
leaf-spot disease of soy bean, Soja max (L.) Piper, in North Carolina 
with which a species of Septoria was associated. The crop was at 
that time practically mature, and considerable defoliation, beginning 
with the lowermost leaves, was in progress. During the following 
season the disease was epiphytotic in character, presumably as the 
result of excessive rains; two protracted rainy periods occurred 
during that year, one in June ana the other in late August and early' 
September, with much damp, warm weather in the interim. 

It was evident early in the course of these studies that the disease 
was ver}^ probably identical with one which had first been described 
in 1915'in Japan by Hemmi^ under the appropriate common name 
of ^‘brown-spot disease.” Specimens of this disease were first col¬ 
lected in the Province of Kitamai in September of the previous year 
by K. Miyabe. Hemmi’s refjort ^ shows that it was very common 
and very widely distributed in 1914 throughout Hokkaido, in the 
Provinces of IsHikari, Tokachi, and Iburi. It was present that year 
in every field and was the cause of very considerable damage. In 
1915 S. Ito collected it in Honshu in the Province of Echigo. In all 
probability brown spot has existed in Japan for years, as pointed 
out by Hemmi, and it occurs in other parts of Asia where soy beans 
are grown. Miura ^ observed it in Manchuria, and states "that it 
very probably occurs also in Chosen (Korea). Through the kind¬ 
ness of K. Nakata, Kyushu Imperial University, Fukuoka, Japan, 
the writers received ah unnamed collection made June 18, 1914, by 
S. Takimoto at Suwon, Korea, which proved to be the brown-spot 
disease. Brief statements by the writers in the iinnual Reports of 
the North Carolina Agricultural Experiment vStation for 1923 and 
1924^ appear to constitute the only records of the occuiTence of this 
disease” within the United States. It no doubt occurs in other States 
where soy beans are grown, but the only definite information on this 
point is contained in correspondence with J. F. Adams, who noted 
it in Delaware in 1923. 


1 Received for publication Jan. 9,1926; issued August, 1926. 

2 Hemmi, T. a new brown-spot disease op the leaf of glycine hispida maxim, caused by sep¬ 
toria GLYCINES SP. N. Sapporo Nat. Hist. Soc. Trans. 6:12-17. 1915. 

3 Hemmi, T. Op. cit. 

< Miura, M. [diseases of the main agricultural crops of Manchuria.] .Agr. E-^pt. Sta. So 
Manchuria Ry, Co. Bui. 11, 56 p., illus. [In Japanese. English abstract in Japan. Jour. Bot. 1: (9), 1923.] 
1921. 

5 Wolf, F. A. report of the division of plant pathology, N. C. Agr. Expt. Sta. Ann. Rpt. 46: 92. 
[1923.] 

-and Lehman, S. G. report of division op plant pathology, N. C. Agr. E.xpt. Sta. Ann. 

Rpt. 47: 83. [1924.] 
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SYMPTOMS OF BROWN SPOT 

The disease is most noticeable upon the foliage, where it is char¬ 
acterized by bro^\m or reddish-browm angular spots 2 mm. in diameter. 
It is primarily a leaf-spot disease and causes severe defoliation. It 
appears also on the stems and pods as the plants approach maturity. 


Fig. 1 .—Seedling soy beans with brown-spot lesions on cotyledons and first true leaves 

The first evidence of disease is apparent early in the season, when 
the first pair of true leaves have formed. At this time there are 
irregular dark-brown patches, varying in size from minute specks to 
areas 4 mm. in diameter, on the cotyledons (fig. 1). Before the 
cotyledons have shriveled and fallen, infections have become, apparent 
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on the unifoliate or first true leaves. The lesions on these leaves 
are conspicuously reddish brown on both leaf surf aces. They are 
angular in outline, being limited by the small veins, and vary in 
size from 1 to 5 mm. in diameter (fig. 2). The larger ones arise from 


Fig. 2.—Characteristic angular, reddish-brown lesions on unifoliate leaves 

coalescence of adjacent spots. The tissues surrounding the diseased 
-areas are pale green at first and then they become decidedly chlorotic, 
after which the leaves fall off. 


Fig. 3.—Mature leaves showing'abundance of lesions, chlorosis, and dead leaf tips 

The disease next involves the trifoliate leaves, upon which the spots 
become more numerous as the season advances and, hy confluence 
of the spots, large, light-brown, irregular areas are formed (figs. 3 
and 4). The color gradually deepens until the diseased areas are 
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dark brown to blackish brown, which appears to be intensified with 
the loss of the normal green of the intervening tissues. The disease 
progresses upward on the plants from the lower leaves. By late 
summer, if conditions are favorable for the development and spread 
of the causal organism, the older leaves become so spotted that it is 
difficult to distinguish individual lesions. At this time each leaflet 



Fig. 4,—a single trifoliate leaf affected with brown spot, and two leaflets with dead tips which would 

soon have fallen 


may bear thousands of specks, with no distinctive microscopic 
feature except their rusty brown color (fig. 5). Such leaves are 
prematurely shed from below upward. 

- The disease on the stems manifests itself by the presence of indefi¬ 
nitely margined, brown discolorations. These lesions vary in size 
from tiny specks to areas several centimeters in length, and they 
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may nearly or completely encircle the stems. Tissues adjacent to 
these discolorations are less green than normal tissues, and as chlor¬ 
osis advances the diseased areas become more conspicuous (fig. 6). 
Main stalks, branches, and leaf stalks are all involved in the same 
manner. 

The spots on pods are similar in all respects to those on stems 
The smaller areas are 
pinpointlike, whereas 
the larger ones may 
come to involve more 
than half the surface 
of the pods (fig. 7). 

THE BROWN-SPOT. 

FUNGUS 

ISOLATION 

Mature lesions on 
leaves, stems, and 
pods bear innate, 
brown pycnidia, and 
each source has been 
found to serve equally 
well as the others in 
isolation trials. The 
fungus may readily 
be isolated when tis¬ 
sues bearing pycnidia 
are macerated In ster¬ 
ile water and drops 
of the suspension are 
spread over the sur¬ 
face of hardened-agar 
plates. C o n i d i a 1 
germination occurs 
promptly, but it is 
two or" three days 
before the colonies 
become visible to the 
unaided eye. The 
colonies are olive 
brown from the first, 
they develop slowly 
and remain small. 

Within three weeks S.—a single leaflet in late summer, when the lesions are so abun- 

thev reach a diameter irregular brown patches are formed by confluence of 

Of 5to 10mm. (fig.8). 

The mycelium is dense and stromalike. Pycnidia form in abun¬ 
dance on such media as potato cylinders, potato agar, steamed corn 
meal, steamed tapioca, and sterile bean pods. 

MORPHOLOGY 

Lesions on stems and leaves sectioned in paraffin and stained show 
that the pycnidia are immersed and open to the surface by a large 
pore (fig. 9, D, E). Those in the leaves are globose to conico-globose, 
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and open to the upper leaf surface. Those on the stems are 

flattened, because of their position between mechanical tissues. They 
commonly measure 90 to 100 m in diameter, varying from 60 to 
125 ju. They are either scattered or quite densely gregarious, and 
when two are sufficiently close they are flattened on the sides in 
contact. The pycnidial wall is thin "and membranaceous (fig. 9, E). 

The conidia are 
hyaline, filiform, 
cuiwed, and indis¬ 
tinctly 1 to 3 septate. 
The length varies 
between extremes of 
21 and 50 ix] but most 
of them are 35 to 40 
jLt in length, with di¬ 
ameter varying from 
1.4 to 2.1 IX, On germi¬ 
nation there is first an 
increase in size and 
the septa become 
more clearly visible 
because of "the con¬ 
strictions (fig. 9, B). 
The first germ tubes 
usually arise at the 
ends of the conidia, 

each of the cellsr ^ 
mycelium is delicate 
at first, but in mat ugi te. 
colonies it is compo^d 
of densely branched, 
interwoven hyphae 
the cells of which are 
brown, thick-walled, 
and beadlike (fig. 9, C). 

INOCULATION EX¬ 
PERIMENTS 

The brown-spot fun¬ 
gus appears never to 
nave been proved, by 
inoculation trials, to 
be parasitic. The 
writers attempted to prove its pathogenicity by use of suspensions of 
conidia from pure cultures. These suspensions were atomized, in 
late afternoon, upon healthy plants which had just begun to set 
seed. Plants growing in beds in the greenhouse were employed in 
some of the trials, and plants growing out of doors were used in 
others. ^ When it was found that infections developed so promptly 
no attempt was made to conserve high degrees of humidity around 
inoculated plants, and only a few trials were made. In all cases by 



Fig. 6.—Brown spot on stems and branches 
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the fifth day small, brown discolorations were present in abundance. 
Characteristic brown-spot lesions had developed a week laterwhile 
nearby plants which served as controls remained free from disease. 
The organism was reisolated from certain of these artificially inocu¬ 
lated plants by use of tissue plantings. 

The method of entrance of the fungus was determined by sowing 
conidia in drops of water on leaves. Then after 16 to 20 hours, by 
examination in surface view of the epidermis stripped from these 
leaves, it was observed that the germ tubes enter the stomates 
(fig. 9, A). As growth continues the hyphae become much branched 
and ramify between the cells of the leaf tissues. 

IDENTITY 

The fungus which causes bro^m spot was compared by Hemmi ® 
with Septoria sojina Thiim., the only other species known to be para¬ 
sitic on soy bean, and was found to differ in several essential respects. 



Fig. 7.—Soy-bean pods attacked by the brown-spot fungus 

He therefore described it as a new species, Septoria glycines. The 
similarity between the pycnidial and conidial measurements of this 
fungus and those of the fungus with which the writers have been 
dealing led to the opinion that they were identical. Fortunately it 
was possible to establish this identity by comparison with Hemmi’s 
type material, collected July 19, i914, at Tsukisappu, Ishikari,. 
wnicli was sent to the writers. Specimens collected at Raleigh, 
N. C., were in turn sent to Hemmi for identification. He stated: 

am of the opinion that the fungus on your specimen is macro- 
scopically as well as microscopically the same as my species, Septoris 
glycines ^ 


6 Hemmi, T. a new brown-spot disease of the leaf of glyoine hispida maxim, caused by sep¬ 
toria GLYCINES sp. N, Sapporo Nat. Hist. Soc. Trans. 6 :12-17. 1915, 

‘ From a letter dated Mar. 15,1924, from Takewo Hemmi, Kyo o Imperial University, Kyoto, Japan. 
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OVERWINTERING AND DISSEMINATION 

Diseased leaves and stems from the crop of 1922 and that of 1923 
were collected and stored out of doors in unsuccessful attempts to 
obtain an ascogenous stage. The conidia in such material have been 
found to survive the wdnter and be still viable, as shown by germina¬ 
tion tests made during March. Refuse from a diseased crop of the 

preceding year could 
therefore be expected 
to serve as a source of 
inoculum when the 
same field is returned 
to soy beans. 

The fact that the 
pods are subject to at¬ 
tack suggests the prob¬ 
ability that brown 
spot is seed-borne and 
that con t amin ated 

seed are the agency 
by which it is dissem¬ 
inated. To date, the 
writers have not been 
able to demonstrate 
by cultures and by 
the aid of a microscope 
the presence of tlie 
fungus within the tis¬ 
sues of the seed or of 
the conidia on the sur¬ 
face of the seed 
It has been pointed 
out, however, that the 
cotyledons bear le¬ 
sions. This evidence 
of seed-borne infection 
is supplemented by 
the occurrence of 
brown spot in a small 
planting in 1924 from 
seed from a severely diseased crop in 1923. This planting was 
made on freshly cleared* land, and was well isolated from other soy¬ 
bean fields. The presence of brown spot in this field appears to Be 
most reasonably accounted for by its introduction with the seed. 

VARIETAL RESISTANCE 

The observations on this phase of the problem are very meager 
and cover only the year 1923, when brown spot was epiphytotic. 
Just as is the case with other diseases of this crop there are very 
manifest differences in varietal resistance. Among the varieties 
grown in the experimental breeding plots which were noted to be 
severely affected are Black Eyebrow, Virginia No. 12, and a consider¬ 
able number of hybrids of Virginia. Austin, Wilson Black, Midwest, 
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and Ito San exhibited only a moderate degree of infection. Mana- 
moth Yellow and Haberlandt 38, the two most commonly grown 
varieties in North Carolina, were only slightly affected. In this last 
group belong also Laredo, Biloxi, Lexington, Tokyo, Tar Heel 
Black, and Chiquita. 



Fig. 9.~A, germination of conidium of Septoria fflpcines, and entrance of the germ tube into the leaf through 
a stoma; B, germination of conidia of S. glycines; C, hypbae from old cultures, with beadlike thick- 
walled cells; D, surface view of pycnidia of S. glycines^ showing large ostiola; E, pycnidium in section 
w’hich opens to the upper leaf surface; F, conidia of S. glycines. (A, B, O, and F are drawn to the same 
scale) 

SUMMARY 

« 

This investigation deals with a disease of soy beans commonly 
called “brown spot/’ first described in Japan in 1915, where it was 
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collected in several Provinces. It occurs also in Manchuria and 
Korea, and was first noted in North Carolina in 1922 and in Dela¬ 
ware in 1923. 

Brown spot manifests itself by the presence of angular brown or 
reddish-brown lesions on the foliage, it attacks also the stems and 
pods. 

The disease seems to be seed-borne. It appears first on the coty¬ 
ledons, spreads thence to the unifoliate leaves, from these to the 
trifoliate leaves, and causes defoliation from below upward. 

Pathogenicity has been established by artificial inoculation. 
Infection occurs through the stomates, and the mycelium is inter¬ 
cellular. 

Brown spot is caused by the imperfect fungus, Septoria glycines 
Hemmi. No ascogenous stage is known. The conidia remain 
viable during winter on decaying stems and leaves. 



PYTHIUM ROOT ROT OF SOY BEAN' 


By S. G. Lehman, Plant Pathologist^ North Carolina Agricultural Experiment 

Station, and Fredekick A. Wolf, Plant Pathologist, Office of Fruit Diseases, 

Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

So far as the ^\Titers are aware, the fungus PytMum debaryanum 
Hesse has never been reported as a parasite of soy bean. During 
a protracted rainy period in July, 1923, soy-bean plants in the breed¬ 
ing plots at the North Carolina Agricultural Experiment Station 
were found to be affected by a root-rot disease whicn was manifestly 
different from wilt (Fnsarium trachei'philum Smith) and sclerotia] 
blight {Sclerotium Rolfsii Sacc.), the two root-rot diseases most 
commonly found on the soy bean in North Carolina. Tissue plant¬ 
ings on acidulated-agar plates were made from root lesions of these 
diseased plants, and the resultant ciiltures were identified as those of 
a Pythium of the debaryanum type. The results of a study of the 
morphology of this organism and of its relationship to the disease 
are recorded in this paper. 

Nothing is known of the distribution of this root-rot disease, but 
since the fungus is cosmopolitan it is to be expected that, under 
suitable conditions, the disease may occur wherever soy beans are 
^’ovTi. It might appear as a root rot of large plants, as in the case 
in which it was first noted, and also as the cause of a damping off 
of seedlings. 

THE DISEASE 

Attention was first attracted to the disease by the presence of 
groups of withered and dying plants scattered irregularly throughout 
the field. The roots and basal portions of the stems of these affected 
plants were decaying (fig. 1). The lesions normally extended en¬ 
tirely around the stems. Apparently entrance had been effected 
at tlie ground level, whence the fungus spread downward and invaded 
the root system and at the same time extended upward several 
inches above the ground level, in many instances reaching the lower¬ 
most branches. 

It has been found that the recently invaded stem tissues are 
translucent, whereas the older portions of the lesions are brown, 
necrotic, and involved in a wet rot. In old lesions the less resistant 
parenchyma is completely disintegrated, but the tougher, fibrous 
portions remain, the diseased areas assuming a dry, Siredded ap¬ 
pearance. 

When plants are removed from the soil the cortical tissues of the 
larger roots are foxmd to be so badly disintegrated that they fall 
away and leave the central woody cylinder exposed. The smaller 
roots are either completely decayed or break away when the plants 
are pulled. 


^ Eeceived for publication Jan. 9,1926; issued August, 1926. 
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THE FUNGUS 

MYCELTOM 

The fungus which causes this disease is easily isolated, and it 
grows well on a variety of media. Potato agar is especially favorable 
for mycelial development. The tips of yoimg hyphae vary in diameter 
from 3.5 to 4.5 m, and are taper pointed. They are finely granular 
in appearance, hut as the hyphae become older the granules enlarge 
and appear to collect in small clumps. The older hyphae are quite 
variable in thickness, ranging from 4 to 8 ju- 


OOGONIA AND OOSPORES 
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ANTHERIDIA 

Two types of antheridia, stalk and branch.^ are developed. In the 
production of a stalk antheridiuni, that portion of the oogoniophore 
immediately subjacent to the oogonium is delimited by the formation 
of a cross wall. This ceU functions as an antheridium and develops 
a fertilization tube through which the antheridial contents pass into 
the oosphere (fig. 2, U, V). Branch antheridia arise either as 
branches of the oogoniophore or of a neighboring hypha. In cases in 
which the antheridial branch arises from the oogoniophore, the 
antheridium itself may be supported by a stalk cefl or it may be 
attached directly to the oogoniophore. The branch antheridium is a 
club-shaped, cylindrical, usually^ curved cell whose diameter is 
usually 1.0 to 2.5 times that of its stalk or supporting hypha and 
whose"length is 3 to 5 times its diameter (fig. 2, S). Brancfi antheri¬ 
dia are not broadly or closely applied to the oogonium, and do not in 
any case envelop it, but they usually curve in such a way that only 
their tips are in contact with the oogonium. The protoplasm of 
both oogonia and antheridia is at first finely granular. "PvTien the 
antheridium comes in contact with the oogonium, the granules in 
both parts enlarge and collect in clusters, and, in the oogonium, with¬ 
draw from the wall leaving a clear margin of periplasm (fig. 2, T). 
The fertilization tube pushes through the oogonial wall and can be 
clearly seen to penetrate to the contracted ooplasm. It may have 
a diameter as great as 2.5 /x. The fertilization tube from the stalk 
antheridium pushes directly through the septum which separates 
the antheridium from the oogonium and may easily be observed in 
situ. Fertilization tubes persist for a considerable time after the 
formation of the oospore wall. The antheridia persist also after 
fertilization, but they appear to be empty except for a few scattered 
granules (fig. 2, E and W). 

CONIDIA 

Cultures on soy-bean stems in water produced numerous globular 
bodies which were at first thought to be sporangia. Numerous 
efforts to induce germination, however, resulted either in the conidial 
type of germination or no germination at all. Conidia are of two 
kinds, either terminal or intercalary. Those formed terminally are 
spherical, while those formed intercalarily have slight polar projec¬ 
tions at the positions of the septa which delimit them from their 
supporting hyphae. They have thin hyaline walls, and are densely 
filled with protoplasm which contains numerous clusters of fine 
granules (fig. 2, A to J, inclusive). In size, terminal conidia are 
approximately equal to ripe oogonia. They will not germinate in 
the stale water of the cultxnes in which they have been formed, but 
germination may become evident within 30 minutes after the conidia 
are placed in fresh tap water at a suitable temperatime (fig. 2, M to 
Q, inclusive). They germinate vrell under a cover glass on a slide 
provided a continuous supply of fresh water is made to flow slowly 
through the preparation by means of a wick. The germ tube grows 
rapidly and is filled with clusters of finely granular protoplasm 
except at the tip where it is homogeneous and clear. As the germ 
tube elongates, the contents of the spore passes into it and leaves 
the spore apparently empty. As many as three germ tubes may 
arise from one conidium. 




Fig. 2.—The development of Pyihium debaryanum, the causative fungus in the root rot of soy bean 
(For explanatory legend, see p. 379.) 
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Secondary conidia have also appeared in the cultures (fig. 2, L). 
Fragments of old hyphae, in cultures a few months old^ when placed 
in fresh water may germinate after the manner of primary or second¬ 
ary conidia and thus function as propagative bodies (fig. 2, X). 

INFECTION EXPERIMENTS 

Soy beans about a month old, which were growin.g in a bed in the 
greenhouse, were used in the inoculation trials. Cultures were 
macerated in sterile water and poured on the surface of the ground 
near the plants. The plants were then shaded with bell jars for 24 
hours. Seven days later lesions were present on all of the plants 
in the area to which the inoculum had been applied. In those cases 
in which wilting and drooping had begun to be manifest, the cortex 
was beginning to disintegrate near the ground level in a characteris¬ 
tic manner. In the course of another week a few of the inoculated 
plants had succumbed, and others bore well-defined lesions on both 
stems and roots. Plants in the same bed but distant from those in 
the area to which the inoculum was applied served as controls; and 
these continued to remain healthy. 

The causal organism was reisolated from certain of these artificially 
inoculated plants and found to be identical with the one used in the 
inoculation experiments. 


TAXONOMY 

The character of the mycelium of the soy-bean fungus, the type, 
of conidia, the method of their formation, and the morphology of 
the sexual organs are clearly those of the genus Pythium, The 
absence of filamentous sporangia and the presence of conidia refer 
it to the subgenus Sphaerosporangium of Butler ^ classification, 
and the smooth oogonia and oospores place it in a group of seven 
species of which PytMum deharyanum is one. In this group Pythium 
rostratum, P. vexans, and P. ultimum are known to be saprophytes. 
P. palmivorum has pear-shaped sporangia and does not bear conidia, 
and P. anguillulae aceti and P. intermedium have catenulate conidia 
and sporangia. The morphological characters of the soy-bean fungus 


2 Bvtler, E. J. an account of the genus pythium and some chytridiaceae. India Dept. 
Agr. Mem., Bot. Sen, v. 1, no. 5, 160 p., illus. 1907. 


EXPLANATORY LEGEND FOR FIGURE 2 

A, B, C, D, E, F, G.~Interealary conidia germinating in tap water. The rapidity of germination and 
growth of the germ tube is shown by the time given immediately above A, B, and C. 

H, I, J.—Intercalary conidia with supporting hyphae. 

K. —A developing conidium, which may become terminal or intercalary. 

L. —Conidium (a) that has germinated and formed a secondary conidium (b). 

M. —Conidium formed terminally, showing character of its contents. 

N. O, P, Q.—Conidia formed terminally, germinating in a continuous stream of water under a cover glass. 
The rapidity of growth of the germ tube is indicated by the time given alongside N. O, and P, 

R. —Oogonium and branch antheridium arising from different hyphae. Fertilization has occurred, as is 
indicated by empty antheridium and the thin wall about the oospore. 

S, —Oogonium with branch antheridium arising from the oogoniophore. No fertilization tube yet evi¬ 
dent, nor has the oosphere begun to withdraw from the wall of the oogonium. 

T. —Oogonium with branch antheridium arising from the oogoniophore. Oosphere contracted, and 
fertilization tube in contact with it. Contents of the antheridium have not yet passed into the oosphere. 

U, V.—Oogonia with stalk antheridia. Fertilization had occurred in V. The oospore has a thick wall, 
and finely granular protoplasm with a large oil drop. 

W. —-Oogonium with two antheridia, 

X. —Portions of hyphae filled with dense, finely granular protoplasm. These are resting cells which jpay 
serve as propagative structures. The upper one is germinating. 

(All figures were drawn with the aid of camera lucida. The magnification of A to L, inclusive, is indi¬ 
cated by the scale shown alongside D and K; that of M to X, inclusive, by the scale shown alongside 0.) 
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make it impossible to regard it as cospecific with either of these six 
species. In view of its close similarity to PytMnm deharyanum it 
is referred to that species. No sporangia such as have been described 
for this species by de Bary and Butler have been observed by the 
wi-iters, but instead they have observed numerous conidia which 
may perhaps be regarded as potential sporangia. This failure to 
form sporangia and the abundant production of conidia appears to 
be of common occuirence in strains of this fungus which are i*eferred 
by various investigators to the species deharyamm, 

SUMMARY 

Soy beans are subject to a root-rot disease which was first observed 
to be present in North Carolina in 1923. 

This malady manifests itself by the presence of necrotic wet-rot 
lesions, which involve the stems and roots near the ground level and 
cause the plants to wither and die. 

The causal organism accords w-ell in mycelial characters and 
morphology of conidia, oogonia, and antheridia with Pytliium, deharya¬ 
num Hesse, with which it is believed to be identical. 



SOY-BEAN ANTHRACNOSE^ 


By S. G. Lehman, Plant Pathologist, North Carolina Agricultural Experiment 

Station, and Fbedertck A. Wolf, Plant Pathologist, Offiiee of Fruit Diseases, 

Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

An antliracnose disease of soy bean, Soja max (L.) Piper, was 
found to be present at the North Carolina Agricultural Experiment 
Station in 1920, in the plots devoted to investigation of this crop, 
A brief statement was prepared at that time (7, p, 57Y which is 
believed by the writers to have recorded for the first time the occur¬ 
rence of this disease within the United States, and tentatively as¬ 
signed . to the causal organism the name GlonureUa cingulata 
(Stonem.) V. Sch. and S. Since then the disease has appeared at 
the station in succeeding years and has been found in a number of 
other localities in the State, which has afforded opportunity for a 
more intensive study of it. It is the present purpose to describe the 
disease and to record the results of investigations into the mor¬ 
phology and life history of the causal organism. 

HISTORICAL 

A survey of available literature on soy-bean diseases shows that 
anthracnose has been noted only in the Orient. Hemmi (^, 3) 
records the isolation by S. Takimoto of an unnamed species of (jloe- 
osporium from diseased soy-bean pods collected in Suigen, Chosen 
(Korea), in October, 1915. No inoculation experiments were made 
with this organism, so proof of its parasitism is wanting. 

The same investigator isolated in September, 1917, another an¬ 
thracnose fungus, which was sent to Hemmi (A 3)^ and which he 
identified as Golletotriclium glycines Hori. Hori has not published 
a technical description of this species,*^ although its important mor¬ 
phological features, accompanied by appropriate drawings, are given 
in a report of investigations by Hemmi (3). Neither has this an¬ 
thracnose fungus been employed in inoculation experiments, but its 
prevaleuce on stems and pods at harvest time, together with a knowl¬ 
edge of other species of this genus, was taken by Hemmi to indicate 
that it was actively parasitic. 

DESCRIPTION OF SOY-BEAN ANTHRACNOSE 

Soy-bean anthracnose has been observed on the stems and pods, 
but apparentlj^ it does not affect the foliage. Plants in all stages of 
growth are subject to infection, as shown by field observation and 


1 Received for pulDlication Jan. 9, 1926; issued August, 1926. 

2 Reference is made by number (italic) to Literature cited,” p. 389. 

3 This statement is taken from a letter from Dr. Takewo Hemmi, Kyoto Imperial University, Kyoto, 

Japan, dated Aug. 24, 1924. ^ 
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inoculation experiments. The disease i-eaches its most destructive 
stage of development in late summer, when the pods are maturing, 
especially during rainy periods. At this time no definite lesions 
such as characterize other anthracnose diseases are present, but the 
affected portions are thickly covered with setose, black acervuli 
(fig. 1). The macroscopic appearance somewhat resembles the pod 
and stem blight, Diaforthe sojae Lehm., biit the fi-uit bodies of the 
two may be distinguished with certainty by the use of a hand lens. 
Moreover, the acervuli are irregularly disposed at the surface of 
affected stems, with no tendency to arrangement in lines as occurs 
with the Phomopsis stage of the pod and stem blight fungus. Af¬ 
fected plants which are scattered irregularly throughout the field 
may be readily recognized because of their premature death. 

i'he first evidence of disease is the presence of minute i>inpoint- 
like dark discolorations at the loci of infections, which are visible 
under favorable conditions four days after inoculation. The sur¬ 
rounding tissues become brown and dead, and by the fusion of in¬ 
dividual lesions large areas are formed which may involve the entire 
surface of the stems and pods. If the pod and pedicel are attacked 
early enough, seed formation may be partly or entirely inhibited. 
This may be accomplished by the invasion of the tissues of the 
pedicel, and in consequence the pods fail to fill, or the mycelium may 
penetrate the pod wall directly and attack the developing seed. 
Shrunken seed from such pods invariably yield pure cultures of 
the anthracnose organism when such seeds are subjected to surface 
disinfection and plantings are made from seed-coat or cotyledonary 
tissue. 

There is little or no shrinking and collapse of stems because of the 
large proportion of woody tissue and small proportion of paren¬ 
chyma. 

CAUSAL ORGANISM 

ISOLATION 

Isolations have been made from di.seased stems and pods bearing 
the conidial stage, from infected seed, and from old, decaying 
sten^ bearing the ascogenous stage. Suspensions of conidia in 
sterile water have been employed in plantings in hardened-agar 
plates, and this has been found to be a satisfactory method of iso¬ 
lation. Stems bearing the Glomerella stage have been placed on 
bibitory paper in the tops of inverted Petri dishes containing hard¬ 
ened agar. The ascospores are forcibly ejected, lodge on the sur¬ 
face oi tho agar, and yield pure cultures of the organism by this 
method. No efforts have been made to make single-spore cultures 
from either conidia or ascospores, but blocks of agar containing 
several spores have been transferred to culture tubes. The cultures 
from all sources, however, have yielded the same type of growth. 
The mycelium is whitish and rather loose at first, but soon turns 
dark and the substratum becomes blackened. Within two or three 
weeks black acervuli bearing pink spore masses and black perithecia 
have formed. Some strains from conidia have borne conidia alone, 
even after repeated transfer and cultivation on a variety of media; 
other strains from ascospores, however, have consistently yielded 
both the conidial and ascosporic stages when cultivated upon the 
sswte kind of media. 
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MORPHOLOGY 

As the soy-bean anthraerose fungus was at first thought to be 
identical with Gloinerella chiguLata^ it was grown in parallel cultures 
with the apple bitter-rot fungus isolated from lesions on apple 
fruits. The decaying fruits from which these isolations were made 



Fig. 1.—Soy-biean anthracnose on pods and steins, showing the distribution of black 

acervuli 

bore at the same time both the conidial and ascogenous stages of 
the bitter-rot fungus. These in turn finiited in culture with the 
formation of both stages, so that it was possible to make comparative 
measurements of the organism from apples and the one from soy 
beans both from natural sources and from artificial cultures. Table 
1 contains a summary of the relative length of ascospores of both 
organisms from cultures. 
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Table 1. —Relative length of ascospores of the sog-hean anfhracnoi^e fungus mid 
the apple hitter-rot organism 


[One space=3.75 fi] 


Organisms 

Number of spores distributed according to length in spaces 

Vari¬ 

ation 

in 

length 

Com¬ 

mon 

length 

iu) 

Spaces 

2.5 

3.0 

3.5 

4.0 

4.5 

8 

24 

j 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

Soy-bean anthrac¬ 
nose fungus. 

Apple bitter-rot 
fungus. 

0 

16 

0 

62 

6 

45 

27 

61 

74 

16 

23 

70 

0 

30 

0 

17 

0 

14 

0 

3 

0 

3 

0 

1 

0 

1 

0 

2 

0 

/13.12- 
,143.36 
'/ 9*37- 
|\18.75 

18.75- 
28.12 
11. 2.5- 
16.00 


Comparing the ascospores of the two organisms grown in parallel 
cultures, it wull be noted that those of the soy-bean organism are 
considerably larger than those of the apple organism, the former 
varying in length from 13.12 to 43.35 ju., and the latter from 9.37 
to 18.75 fi. These differences are more apparent when it is observed 
that 75 per cent of the ascospores of the bitter-rot fungus range 
from 3 to 4 spaces, or 11.25 to 15.00 p in length, whereas 76.6 per 
cent of those of the soy-bean anthracnose range from 5 to 7 spaces, 
or 18.75 to 26.25 ju. They range in width -^^rom 3.9 to 5.0 ju, and 
4 to 6 respectively. 

When ascospores are taken directly from decaying host tissue they 
appear to be more uniform in size, i. e., there are fewer either longer 
or shorter than the average, than on artificial media. The average 
measurements accoi'd, however, without regard to the substratum 
upon which they are grown, and agree well with measurements of 
the bitter-rot fungus given by Clinton (1) and by Von Schrenk and 
Spaulding (4). Their extremes range from 12 to 22 by 3.5 to 5 p. 

The asci of the soy-bean fungus vary from 70 to 106 fx in length 
and from 9.5 to 13.5/x in width, with an average length of 80 fx and 
an average width of 12 /x. The asci of the apple bitter-rot fungus 
vary from 55 to 70 fx in length and from 9 to 10 p in width, with 
an avei^age length of 60 fx and an average width of 9 fx* The 
perithecia of the anthracnose fungus vary from 220 to 340 /x in 
diameter. The perithecia of the apple bitter-rot fungus vary from 
125 to 250 fx in diameter, which measurements accord with those given 
by Clinton (1) and by Von Schrenk and Spaulding (4). 

The Colletotrichum stage of soy-bean anthracnose bears conidia 
which vary in length from 16 to 25 /x, but the most common size is 
20 to 22 /X long by 3.75 to 4.5 /x wide. There are numerous brown 
setae which vary from 30 to 200 g. in length and from 4 to 6 jut in 
width. It agrees well with Hemmi’s (3) description of G. 
glycines, in which the conidial size is given as 16 to 23 by 3.8 to 4.2 g, 
with 15 to 40 setae in each acervulus. 

The Gtoeosporium stage of the bitter-rot fungus is given by Clinton 
(I) and by Von Schrenk and Spaulding (//) as having extreme 
Itogths of 10 to 28 g and extreme widths of 3,5 to 7 /x, with 12 to 16 
by 4 to 5 /X as a common size. These measurements agree well with 
those made by the writers. Measurements of 440 conidia, half of 
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which were taken from culture on potato-dextrose agar and the other 
half from a decaying apple, showed an extreme range in length of 6 
to 22 ju with 11 to 16 i>. as the most common. The conidia grown in 
culture exhibited a wider range and averaged slightly smaller than 
those grown on the fruit.. 

The cultures of soy-bean anthracnose and apple bitter rot exhibit 
readily distinguishable differences, as shown in Figure 2. Colonies 
of the former are whitish at first, but soon become smoky black with 
darkening of the substratum; colonies of the bitter rot are also whit¬ 
ish at first, but become darker (olive tinted) only around the peri- 
thecial stromata and acervuli. 




Fig. 2.—The soy-l>ean anthracnose and apple hitter-rot organism in planted asar 
plate. The upper and lower quadrants show the bitter-rot fungus, and the right 
and left quadrants the soy-bean fungus 

INOCULATIONS 

^ The inoculation experiments had for their object the determina¬ 
tion (1) of pathogenicitjr of the anthracnose fungus to soy beans, 
which had not been previously demonstrated, and (2) of the rela¬ 
tionship between anthracnose of soy bean and bitter rot of apple. 
Soy-bean plants, in several series of trials, were inoculated by 
atomizing them with suspensions of conidia and ascospores from 
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pure cultures. Certain of the plants were inoculated with the soy¬ 
bean fungus, and others with the bitter-rot organism, under iden¬ 
tical conditions. Inoculations were made in late afternoon on plants 
growing in the greenhouse, and the inoculated ])lants Avere shaded 
Avith iieATspapers for 24 hours. Each of the series gave uniforinly the 
same results. Within three to four days the first evidences of infec¬ 
tion Avere noted on plants inoculated Avith the soy-bean organism. 
Those AA'hich Avere inoculated AAuth apple bitter rot failed to develop 
any evidence of infection during the entire period in Avhich they 
Avere under observation. In another trial three soy-bean plants Avere 
inoculated by inserting bits of mycelium and spores into the stems, 
but here again no infection resulted and the Avoimds healed promj^tly. 

Eeciprocal inoculations Avere also attempted on several varieties of 
apples in the folloAving manner: After surface disinfection the 
fruits were placed in moist chambers and inoculated, on July 2, on 
opposite sides of the apple. The inoculum, consisting of mycelium 
and spores from pure culture, Avas inserted in needle j)unctures. The 
tissues surrounding the points of inoculation became involved in 
decay in the case of all punctures with both organisms. By July 15 
the characteristic sunken areas Avith rings of acervuli had formed in 
the ease of inoculations AAuth bitter rot, wdiereas the tissues Avere 
someAAdiat darker and less soft in those inoculated with anthracnose 
of soy bean, and no acervuli had formed on the surface. S'urther- 
more, the characteristic bitter taste was lacking in tissues decayed 
by the soj^-bean fungus, 

LIFE HISTORY OF THE FUNGUS 

The fungus which causes soy-bean anthracnose has a Colleto- 
trichum or conidial stage and a Glomerella or ascosporic stage. The 
germination of both types of spores is essentially alike. As an 
initial step in this process a median septum is generally formed, al¬ 
though many spores remain unicellular. This is followed by the 
formation ox a short germ tube, which is terminated by a brownish 
appressorium from Avhich the infection tube later arises (fig. 3, F, 
H), In the inoculation trials in Avhich spores were placed in drops 
of AA^ater on young pods, entrance had been etFected within 48 hours 
by direct penetration of the cell wall (fig. 3, C). The mycelium 
rapidly extends to adjoining cells and causes their death. It is both 
inter and intra cellular. Acervuli mature on the lesions in 10 to 14 
days. 

The fungus passes the Avinter season either by means of infected 
seed or of the ascogenous stage. Its occurrence Avithin the tissues of 
the seed has been established by isolation after surface disinfection, 
from seed taken from diseased pods. Indirect evidence that an- 
thracin:)se is seed-borne Avas obtained by planting seed from affected 
pods in a situation in which soy beans were not known ever to have 
been groAvn, and which Avas at least half a mile from the nearest 
soy-bean field. All of the plants in the resultant crop from such 
seed were seriously affected. In the light of knowledge of other an- 
tjAracnose diseases it seems reasonable to supjiose that the spores 
Avhich find lodgment on the surface of the seed during harvest could 
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Fig. 3.—a, Diafi'i'am of soy-bean stem showing disposition 9 f penthecial stomata ; B, dia¬ 
gram ot a single stroma bearing four innate penthecia, ot 
germination, of conidium and penetration infection 

inoculation, surfacfo view; T>, asco«5i>oreH of Olom^eUa glymnm from decaying soy-be^ 
stems; E, ascoHiwres from artiftdal cultures; P ty|)es of 

after 10 hours in water; (I, conidia from the Colietotrichum stage; H, germination of 
oonidia with r('snltant ai)pr('SSoria; I, ascus of OUmerelM ffiyclm^a 
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also serve as a means of cariTing the organism oyer the winter 
period and of disseminating it in new fields or localities. 

In March, 1924, stems of diseased soy beans from the croj^ of the 
previous vear which had remained in the field during the winter 
were found to bear the Glomerella stage. The stromata in which 
the perithecia are embedded arise within the cortex and are at first 
covered. Each stroma gives rise to one or several perithecia, whose 
short beaks protrude (fig. 3, A, B). The ascospores are ejected as 
the asci inatime, as previously showm by the isolation trials with 
inverted agar plates. It is very probable that some of these would 
come to lodge on plants of the next crop if soy beans w’-ere planted 
in the same field the succeeding year. 

IDENTITY OF THE FUNGUS 

Plant pathologists would place one or the other of two interpre¬ 
tations upon the foreging studies on the morphologic and pathogenic 
characters of the soy-bean anthracnose fungus. Some would regard 
this fungus as specifically identical with Glomerella eingulata from 
apples. Such an opinion is indicated from Shear’s (5) studies on 
anthracnose of a large number of different plants, in which he con¬ 
cludes that all are perhaps only slightly specialized physiological 
forms of one omnivorous species.” The same idea is expressed by 
Taubenhaus {6) from his studies on Gloeosporium on sweet pea, in 
which he states (1) “‘that the anthracnose disease of the sweet pea 
is due to the same organism, Glomerella rufomamlans (Berk.) 
Spauld. and Von Sch., that causes the bitter rot of the apple,'' and 
(2) “ that Gloeosporium ofjicinale E. and E., Gloeosporium gallanun 
Ch. Eich., and Gloeosporium sp, from May-apple fruit are also the 
same as Glomerella rufomaculans^ since they are all able to produce 
the typical anthracnose disease of the sweet pea and the bitter rot of 
the pear.” 

There are others, among Avhom are the present writers, who would 
conclude that soy-bean anthracnose is specifically distinct from the 
apple bitter-rot fungus. The reasons for this may be summarized 
as follows: (1) The perithecia, asci, ascospores, and conidia of the 
soy-bean fungus are larger than those of the apple bitter-rot organ¬ 
ism; (2) the conidial stage of the former belongs to the form genus 
Colletotrichum, the latter to Gloeosporium; (3) when the two are 
grown on the same substratum the colonies present readily dis¬ 
tinguishable differences; (4) the soy-bean organism is pathogemic to 
soy beans whei'eas the fungus from decaying apples failed to produce 
infections on soy beans; (o) the type of decay produced by the 
fungus from soy beans on apple fruits possesses none of the char¬ 
acteristics associated with apple bitter rot. The fact that the soy¬ 
bean fungus causes a decay of apple fruits need not be taken to 
prove its parasitism, since a mature apple is essentially a culture 
mediiun. As is well known, apples can be rotted by a considerable 
number of fungi not regarded as parasites. More significance cer¬ 
tainly should be attached to the fact that the bitter-rot fungus will 
not attack soy beans than that the anthracnose fungus will produce 
a 1*ot of apples. 
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Since it lias thus far been impossible to make comparison with 
specimens from Hori’s original collections or with any other collec¬ 
tions of Colletotrichum giycines from the Orient, the writer does 
not know with certainty whether the form with which they have 
been working is identical with C, glyeines. The descriptive charac¬ 
ters mentioned by Hemmi {;2) accord sufficiently well, however, to 
lead to the belief that they are one and the same species. Since the 
perfect stage is herein appropriately described for the first time, 
and its relationship to Colletotrichunh glyoines established, a brief 
technical summary is given, as follows: 

Glonurefla glydnes (Hori.) n. n. 

Syn. Colletotnclmm glycines Hori. 

Peritheciau stage. —Perithecia membranaceous, rostrate, caespi- 
tose, 220 to 340 fi in diameter, immersed in a stroma. Asci oblong to 
bluntly clavate, a paraphysate, 70 to 106 by 9.5 to 13.5 /a; ascospores 
hyaline, slightly curved, blunt-pointed, unicellular, 13.12 to 43.3:') /x 
in length, chiefly 18.75 to 28.12 /x, by 4 to 6 ju, in width. 

Hab.: On decaying stems of jSojw max (L.) Piper. 

CoNiDiAL STAGE.—Leslons on stems and pods indefinite in out¬ 
line. Acervuli black, setae numerous, brown, 100 to 200 /x in length, 
Conidia hyaline, curved, bluntly tapered, unicellular, 16 to 25 X 
3.75 to 4.5 /X, witlx 20 to 22 /x as the most common length. 

Hab.: Parasitic on stems and pods of So^a max (L.) Piper. 

SUMMARY 

Soy-bean anthracnose affects the stems and pods of this crop and 
its presence in North Carolina W'as first observed in 1920. It is 
believed to be identical with a disease collected in Chosen in 1917 and 
ascribed to Colletotrichum glycines Hori. 

The disease is characterized by the presence of numerous black 
acervuli, uniformly scattered over the surface of the affected parts. 
It causes premature death of the plants and failure of the pods to 
fill properly. 

The organism is seed-borne, and exists as a mycelium within the 
seed and as spores adhering to the exterior. 

When the soy-bean anthracnose fungus is compared with the fun¬ 
gus which causes apple bitter rot, with which it was at first believed 
to be identical, it is found to be morphologically distinct, to .be of 
different appearance in culture, and to react differently in reciprocal 
inoculations. 

The ascogenous stage has been found on diseased stems which 
overwintered in the field, and has been developed in culture. The 
name Glomerella glycines (Hori) n. n. is therefore proposed as a 
synonym for the conidial stage name Colletotrichum glycines. 
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DISEASES OP SOY BEANS WHICH OCCUR BOTH IN 
NORTH CAROLINA AND THE ORIENT^ 


By Frederick A. Wolf, Plant Pathologist, Office of Fruit Diseases, Bureau of 

Plant Industry, United States Department of Agriculture, and S. G. Lehman, 

Plant Pathologist, North Carolina Agricultural Experiment Station 

INTRODUCTION 

A number of the more important diseases of soy bean, Soja 
max (L.) Piper, have been investigated in the last 10 years at the 
North Carolina Agricultural Experiment Station (5, 9, 10, 11, 12, 

15, 17, 18, 19) Collections of diseased plants made in various parts 
of the State have been valuable in interpreting the detailed life- 
history studies of the causal organisms. The writers^ information 
as to the distribution and prevalence of these diseases has been sup¬ 
plemented by specimens and letters of inquiry from county agents 
and growers. The most significant result of this work, wliich has 
arisen both from the laboratory studies and the field survey, has been 
the establishment of the fact that certain of these diseases are seed- 
bome. This fact accounts for the distribution of the diseases 
throughout the States in which soy beans are grown, serves as a basis 
for control, and suggests that some of the diseases probably were 
introduced into the United States with the seed. It is the primary 
purpose of this report to present such evidence as bears on the last 
phase of this problem and to give a brief account of the diseases which 
are common to the Orient and to North Carolina. 

As is well known, the soy bean is native to eastern Asia and is a 
crop of great importance in Japan, Manchuria, Chosen (Korea), 
and Mongolia. It has been a major crop of the Orient since ancient 
times, but was of no importance as a farm crop in the United States 
until about 1880. 

In the last 10 years there has been a pro^essive increase in soy-bean 
acreage in this country, especially in North Carolina and in sev¬ 
eral States of the Corn Belt. To-day soy beans are a major crop 
in the United States. 

Apparently the fact that soy beans have only recently become of 
commercial importance in this country is responsible for the lack of 
knowledge of soy-bean diseases as found in the United States. A 
survey of available literature on soy-bean diseases in eastern Asia 
shows that a similar condition exists there, and that such information 
as has been recorded on soy-bean diseases in Asia has been contributed 
largely by Miura (13), Hemmi {6, 7,8), Takimoto {16), and Nakata. 
The present writers’ Imowledge of soy-bean diseases in the Orient is 
limited by the fact that a considerable part of the work done there 
has been been published in Japanese. Collections of diseased plants 
and unpublished manuscripts and additional notes sent by Miura, 
Hemmi, and Nakata have been of invaluable service to the present 
writers in their work. 


1 Received for publication Jan. 9,1926; issued August, 1926. 

2 Reference is made by number (italic) toLiterature cited,” p. 395. 
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WILT 

Soy-bean wilt was obseryed in North Carolina for the first tinie in 
1915^ It was ascribed to the same organism which causes cowpea 
wilt, Fusarium tracJieipMlum Smith (Sj 4). This organism causes a 
browning or blackening of the xylem of roots and stems, and in 
advanced stages salmon-colored spore masses, sporodochia, are 
formed at the surface of the stems and lower branches. The organism 
is a soil-inhabiting fungus, which enters the plant through the roots. 
These characters it possesses in common with a considerable number 
of other Fusaria. This disease has been collected at various times 
in a number of localities in North Carolina, but does not seem to 
have been noted as involving the uppermost branches and seed pods. 

During 1924, however, a serious Fusarium disease of the pods was 
noted in Japan. Specimens collected by T. Nojima at Kitashirakama, 
Kyoto, were sent to the wiiters by Henimi, and the causal organism 
was found to be indistinguishable morphologically from Fusarium 
tracheiphilum. Another collection was made during the previous 
year near Kiyomitsu, Sizouka, by K. Kara, of apparently the same 
organism on diseased pods. 

MILDEW 

Mildew, when collected in North Carolina for the first time in 1923, 
was thought to be due to a hitherto undescribed species of Peronos- 
pora. When it was compared with the species which occur on legumes 
it was found to be most nearly like Peronospora trifoliorum de Bary. 
However, it differs sufficiently from this species in size of oogonia, of 
oospores, and of conidia to warrant regarding it as specifically dis¬ 
tinct, and so the new name P. sojae was proposed {10). While the 
manuscript which recorded these findings was in press the writers' 
attention was directed to an account of this disease in Manchuria {13) 
in which the causal organism was identified as P. trifoliorum de Bary 
var. Manshurica Naoumoff (fj). Further search revealed that in 
1923 Gaumann (o) had raised this variety to specific rank and had 
accordingl}^ appropriately employed for this mildew the combination 
P. manshurica (Naoumoff) Sydow in lit. When the writers’ speci¬ 
mens were compared with collections made by K. Plara in Kanaya, 
Sizuoka, and by Hemmi in Higashi-Kutchan,' Hokkaido, they wore 
found to be identical and to agree morphologically with Gaumann’s 
species manshurica. This name has priority, and so P. sojae must be 
regarded as a synonym. 

Miura {13) has recorded the presence of mildew in Manchuria. 
Ocfemia and Weston stated in personal correspondence that they 
observed it in the Philippines. Butler {!) noted it in India. 

Seed from a field in which mildew was abundant in 1923 was planted 
in an isolated situation the following season in order to obtain evi¬ 
dence of seed transmission of the malady. Mildew appeared on this 
planting late in June. At first only a few scattered lesions were noted 
on a few of the plants, but 10 days later the disease was very abundant 
on all of the plants and the lower surface of the lesions was covered 
with a violaceous coating of conidiophores. It is believed that in this 
case the organism was carried on the seed, and that seed-borne conidia 
served as the source.of inoculum. 
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BROWN-SPOT DISEASE . 

This leaf-spot disease, which is due to Septoria glycines Hemmi, was 
recognized in North Cariolina for the first time in 1922. It was first 
collected in Japan in the province of Kitamai in 1914; it was epiphy- 
totic that season in the provinces of Ishikari, Tokashi, and Iburi, In 
1915 Hemmi {6) described the disease and its causal organism, and 
pointed out that the disease had been in Japan for years, and that it 
probably occurred throughout Asia wherever soy beans were grown. 
Hemmi sent to the writers specimens collected at Suwon, Chosen. 
Miura {13) noted it on soy beans throughout Manchuria, and he 
sent from Kung-Chu-Liug, South Manchuria, specimens of what 
appears to be the same organism on Phaseolus munge var. radiatus. 

The disease in the Orient has been recorded as a leaf spot on both 
the primary and trifoliate leaves. It occurs in North Carolina also 
on stems, pods, and cotyledons, and has been shown to be disseminated 
by means of contaminated seed (19). 

POD-AND-STEM BLIGHT 

Pod-and-stem blight (Diaporihe sojae Lehm.) was found in North 
Carolina for the first time in 1920. No reports have come to the 
writers^ attention of its occurrence subsequently in other States. 
However, in view of the fact that the disease appears on the pods, 
and the fact that the fungus either destroys the developing ovules 
or infects the seed, the disease undoubtedly occurs in otner parts of 
the United States. There appears to be no mention of the presence 
of this disease in eastern Asia. The writers’ knowledge of its occur¬ 
rence there comes from a sinrfe collection made September 20, 1923, 
of the Phomopsis stage from Kiyomitsu, Shizuoka. These specimens 
were collected by H. Kara and sent by K. Nakata. 

Lehman (5), in a comprehensive report of this disease, pointed out 
that the causal organism overwinters in the pycnidial stage on old 
diseased stems, and that, the perithecial stage had never been found 
in the field but had been developed in culture. In March, 1924, 
however, the Diaporthe stage was found on stems which had over¬ 
wintered in the field. Its relationship to the pycnidial stage was 
established by comparative measurements with the perithecial stage 
as had been developed in culture and with which it was found to 
agree, and by isolation from ascospores which when cultured gave rise 
to pycnidia like those of the Phomopsis stage. 

CERCOSPORA LEAF SPOT 

In 1918, Miura (13) collected at Tu-men-ling, South Manchuria, a 
leaf-spot disease which he ascribed to a new species, Cercospora diazn 
Miura, The spots are irregular to circular areas 3 to 6 millimetem 
in diameter, which are dark brown at first and become light brown with 
dark brown borders with age. Miura’s brief mycological note ap¬ 
pears to be the only published account of this disease, but it occurs 
in Japan, as Hemmi sent specimens collected at Nango, Miyagi, in 
1924, and another collection from Shizuoka, Shizuoka, sent by 
Nakato appears to the writers to be that of this fungus. In Sep¬ 
tember, 1925,-one of the present writers (Lehman) found a leaf-spot 
disease near Moyock, N. 0., which proved to be identical in size of 
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conidiophores and in size and shape of conidia, as illustrated by 
Miura {13), with Ckrcospoi^a daizu. Nothing is yet known of the 
means of Idbernation and dissemination of this fungus, but this is 
very probably accomplished by means of contaminated seed, 

ANTHRACNOSE 

Soy-bean anthracnose {Glomerella glycines (Hori) Lehman and 
Wolf), in its conidial stage on pods, was first collected in Chosen in 
1917. It was named Colletotrichum glycines Hori, although Hori 
has not published the results of his studies. Its essential inorpholog- 
ical features, however, are recorded by Hemmi (7) and his account 
contains appropriate drawings of acervuli, conidia, and setae. To 
date, the writers have not been able to learn of its occurrence in other 
countries in eastern Asia, nor have they seen specimens from the 
Orient. 

Anthracnose was found in North Carolina for the first time in the 
summer of 1920. It was collected on both stems and pods, on which 
it forms numerous black acervuli which accord well with the descrip¬ 
tive account of ColletotricJium glycines by Hemmi (7). The perithe- 
cial stage was developed in culture the first season the disease was 
studied, but was not found in nature until the spring of 1924. 

Since the writers’ investigations {12) have shown that diseased seed 
serve as a means for the dissemination of the disease it is to be ex¬ 
pected that it will be foimd to occur in other States where this crop 
is grown. 

BACTERIAL BLIGHT 

Several organisms have been found to be associated with bacteriosis 
of soy beans, as has been briefly discussed in a recent paper {18), 
The disease to which the name bacterial blight has been applied is 
caused by two easily distinguishable organisms, Bacterium gtycineum 
Coerper, and Bact, sojae Wolf. No diagnostic features have yet been 
noted, however, for differentiating between the diseases which these 
organisms produce. 

^ The writers recently received from Hemmi specimens of a bacterial 
disease collected in June, 1914, at Suwon, Chosen, by Takimoto. 
These specimens are some of those of the collection U})on which 
Takimoto based his investigations {16), The organism which he 
isolated from this collection was not assigned a name by him but was 
compared with the published account of Bacterium glycineum (^), 
that of Bact, sojae {15, 17), and that of Pseudomonas glycineum 
Nakano, and found to be most like Bact. sojae. He further pointed 
out that the leaf lesions are quite like bacterial blight in America, 
but that the occurrence of dark, sunken areas on petioles and stems 
are features not found associated with bacterial blight in North 
Carolina. In the writers’ opinion, Takimoto’s specimens present the 
appearance of characteristic leaf lesions of bacterial blight. In the 
light of the fact that Takimoto concluded that the organism which 
' he was studying differed from Bact, sojae only in the absence of a 
capsule, in its failure to effect a change in milk, and in its ability to 
.^mw in the closed arm of fermentation tubes, differences which 
TO%ht not be manifest if cultures of the organisms from Chosen and 
from North Carolina were in the hands of one investigator, and that 
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Takimoto^s specimens look like bacterial blight in North Carolina, 
it is the writers^ belief that the diseases are identical. 

The writers have not seen the paper by Nakano in which lie gives 
an account of his studies on Pseudomonas glycinmm, but Ilemrni sent 
them a copy of Nakano’s manuscript. Nakano isolated this organism 
from collections of a leaf-spot disease found in Kiushu, Kumamoto. 
He compared it with Bact, phaseoli E. F. S., Bad. viciae Takimoto, 
and the soy-bean bacterial-blight organism. These studies show that 
the bacterium is rod-shaped, and motile by moans of a single ])olar 
flagellum. It forms yellow to orange colonies on culture media, docs 
not liquefy gelatin, does not form acid from sugars, nor does it curdle 
milk. On the basis of these characters Nakano concluded that it is 
distinct from the bacterial-blight organism. 

GENERAL DISCUSSION 

All of the diseases which have been discussed in the foregoing 
account, except wilt and Cercospora leaf spot, have been definitely 
proved to be seed-borne. They comprise all the known diseases of 
soy beans in North Carolina which are of economic importance, 
except two—^bacterial pustule {Pseudomonas phaseoli var, sojense 
Hedges) and sclerotial blight {Sclerotium rolfsii). The former of 
these also has been found to be disseminated by means of the seed. 
Neither has been reported, however, from the Orient. 

Soy beans in Manchuria are subject to attack by a fungus which 
has been identified as Sderotinia libertiana. Singularly, this organism 
occurs on various crops in North Carolina, but it has not been noted 
to infect soy beans. Aside from these a number of other fungi have 
been found in Manchuria to be associated with soy-bean diseases, 
some of the most^ important of these being Hypochnus centrifagus 
TuL, Uromyces sojae (P. Henn) Syd., and Fleosphaerulina sojaecola 
(Massal.) Miura. whose conidial stage is Phyllosticta sojaecola Massal. 

SUMMARY 

It has been found that various diseases of soy beans are transmitted 
by means of the seed. Because of this fact it was to be expected that 
these diseases would occur in eastern Asia, where soy bean is native. 
To date the following diseases are known to be common both to the 
Orient and to North Carolina: Wilt {Fusarium tracheiphilum Smith); 
mildew {Peronospora manshurica (Naoum.) Syd.); brown spot (Sep- 
toria glycines Hemmi); pod-and-stem blight {uiaporthe sojae Lehm.;; 
anthracnose {Glomerella glycines (Hori.) Lehm. and Wolf); Cercospora 
leaf spot (Cercospora daizu Miura); Bnd bacterial blight (Bacterium 
sojae Wolf). 
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THE INFLUENCE OF PHYSICAL FACTORS ON THE VL 
ABILITY OF SPORIDIA OP CRONARTIUM RIBICOLA 
FISCHER' 

By Perley Spaulding, Pathologistj and Annie Rathbun-Gravatt, Junior 
Pathologist^ Office of Forest Pathology, Bureau of Plant Industry, United States 
Department of Agriculture ^ 

INTRODUCTION 

For years members of the staff of the Office of Forest Pathology of 
the Bureau of Plant Industry, United States Department of Agri¬ 
culture, and others have attempted with varying degrees of success 
to artificially infect pines with the sporidia of various species of Cro- 
nartium. Efforts to infect white pines with the sporidia of Gro- 
nartium rihicola Fischer have met with discouraging lack of success 
until the last few years. Various investigators {15, 16, 17, 35, 43, 
47, 48, 58, dSy have scored successes in this direction, but the prob¬ 
lem is so complicated that comparatively little is known about the 
physical conditions necessary for the successful artificial infection 
of white pines by this fungus. There are three distinct phases of 
the problem: (1) The factors controlling the formation, germination, 
and viability of the sporidia; (2) the conditions existing within the 
white pines at the time of inoculation; and (3) the physical conditions 
of the surrounding air at the time of inoculation. A preliminary 
study of the latter phase was made by York and Snell (63), who 
infected young plants of Pinus strohus L. at certain known relative 
humidities and temperatures of the surrounding air. 

In 1923 the problem of studying the sporidia of Cronartium rihicola 
was assigned to the writers, but because of poor material that season’s 
work was preliminary in nature. The work was continued in 1924. 
This paper presents the data obtained in both years. 

HISTORICAL REVIEW 

One can hardly appreciate the status of the knowledge on the 
germination of the teliospores, and of the formation and germination 
of the sporidia of Cronariium rihicola, without a historical survey of 
the literature on the genus Cronartium. Articles on other rust 
spores are also important as indicating possible methods of investi¬ 
gating the sporidia of C. rihicola. Within certain limits, facts which 
are true of other spore forms are likely to be true of sporidia. The 
morphology and cytology of the LTredinales in general have been 
investigated as thoroughly as those of any other fungus group. Yet 
Colley’s paper {18) on the morphology and cytology of G. rihicola, 
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published in 1918, seems to be the most complete study that has 
been made of any species of Cronartiiim. A consideration of the 
physiology of the'germination of spores shows^ that in spite of much 
work there is still great lack of continuity in the results. Ward 
[61) said in 1902: “It is astonishing how little seems to have been 
done in ascertaining the conditions of germination of the uredospores.^^ 
It seems to the writers, however, that the germination of iiredospores 
has been more thoroughly investigated than that of any other form 
of rust spore. The following brief historical summary is arranged 
chronologically, to show clearly each investigator's contribution of 
new knowledge. 

Unger {60) gave figures of the telia of Cronartiurn asclepiadeum 
(Wallr.) Fr., and of early stages of formation of the promycelia by 
germ tubes from teliospores in the columella. 

The Tulasne brothers {59) also studied Cronartium asclepiadeum. 
They found that there was no ostiole in the telial column as was ap¬ 
parently generally supposed at that time. They also illustrated the 
germination of the terminal teliospores of the column, the 4-celled 
promycelia, the formation of sporidia by the promycelia, and the 
germination of the sporidia. 

Bary {8) supplemented the Tulasne brothers' results by studies 
with other genera of the rusts. He made the following significant 
statements concerning the infection of hosts by the rusts: 

There is no reason for admitting that a predisposition of the host to a certain 
disease determines its invasion by the parasite. On the contrary, the healthier 
the plant the more the parasite prospers, provided external conditions are favor¬ 
able for its vegetation.” 

Keess { 41 ) noted the formation of secondary sporidia by Ohry~ 
somyxa abietis (Wallr.) Unger. 

Cramer {19) mentioned the breaking up of the promycelium of 
Gymnosporangium into conidiumlike bodies. 

Bary {9) made the following statements concerning the forcible 
ejection of sporidia from the sterigmata of Aecidium abietinum Wallr. 

*‘Die Sporidien werden nach ihrer Ausbildnng von den Sterigmen abgegliedert 
und eine kiirze Strecke weit weggeschleudert; letzteres wohl durch den gleichen— 
meinerseits nicht untersnehten—Mechanismus wie. die Sporeri von Coprimis. 
Die Kraft, mit welcher sie geworfen werden, ist nicht gross.” 

Farlow (^7), in the first detailed American study of a rust, de¬ 
scribed the breaking up of the promycelia of Gymnosporangia into 
conidiumlike bodies when they are suddenly dried. 

Barclay (I), in a study of the new species Aecidium strobilanthisj 
noted that when germination of the teliospores took place at high 
temperatures, larger sporidia were produced than when germination 
was slow from the effect of low temperatures. Later {2) he recorded 
the breaking up of the promycelium into conidiumlike bodies in 
Uromyces solidaginis Niessl and Caeoma smilacis Barclay, and the 
germination of these anomalous conidia. He attributed the breaking 
up of the promycelia to the absence of air. He also observed {S) the 
throwing off of the sporidia of Chrysomyxa Mmalense Barclay from 
the sterigmata. He noted {4) the breaking up of the promycelia of 
Gymnosporangium cunninghamianum Barclay and the formation of 
secondary sporidia. He described {5) the method of germinating 
rust spores by floating them on water, rather than immersing them in 
it. He also stated (7) that the secondary sporidia formed by Puccinia 
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jasmini-chrysopogonis Barclay are about two-thirds as large as the 
primary ones, but that those of Uromyces cunningjiamianus Barclay 
(5) were of approximately the same size as the primary ones. 

Zalewski (64) studied the throwing off of spores by various Hymen- 
omycetes. He also stated that the aeciospores of the rusts are thrown 
off forcibly to a distance of '^10-15 mm.^’ This observed distance 
appears to be an error due to convection air currents. 

Kienitz-Geiioff (33) noted germ tubes of teliospores of Oymnos- 
porangium clamriaeforme (Jacq.) DC. breaking up into conidium-like 
bodies, and the production of several germ tubes from one teliospore. 

Plowright (38) compiled the knowledge of the British Uredineae. 
He stated that the longevity of the spores is influenced by the tem¬ 
perature and the dryness of the air, that the sporidia form germ 
tubes with somewhat pointed tips, and that sporidia may form 
secondary sporidia if germinated in water. 

Carleton (13) studied the influence of various chemicals on the 
germination of rust spores. 

Rauch (39) studied, among other fungi, three different genera of 
rusts. He found that the germination of freshly collected spores was 
influenced by ripeness, humidity, and temperature, but not by light. 
He also observed that a few days of drying lengthened the time neces¬ 
sary for germination, and that aeciospores and uredospores soon lost 
viability, but that teliospores retained it for several months after drying. 

Sappin-Trouffy (43) reviewed the morphology of the Uredinales. 
For the genus Gronartium he gave figures of tdiospores germinating 
at the tip of the telial column; of a teliospore immersed in water 
germinating and forming a four-celled structure, each cell of which 
produced a germ tube but no sporidium; and of the formation of 
secondary sporidia. He thus confirmed the morphological facts re¬ 
ported by earlier investigators. 

Eriksson (3Sj 36) investigated the effect of cooling on the subse¬ 
quent germination of various rust spores, including aeciospores of 
Gronartium ribicola. He decided that such precooling accelerated 
and increased germination. He inclined to the idea that spores wet^ 
by rain just before using reacted to the cooling, while those which 
were not so moistened did not. He plainly described germination of 
the spores by floating them upon the surface of water in relatively 
large containers, in contrast with the usual drop-culture method. 

Ward (62),^ working with Puccinia dispersa Eriksson, found that 
external and internal physical factors greatly influenced the distribu¬ 
tion and persistence of a rust in its uredo stage. He recognized the 
effect of maturity on the germination of the uredospores, and the 
capriciousness of their germination, due to unknown causes. He 
found that uredospores remained viable in diffused sunlight from 30 
to 61 days. 

Carleton (14), after extended studies of various rusts, especially the 
grain rusts, stated that rust spores germinated readily in water; that 
under ordinary conditions the usual amount of growth was reached 
in an average of 24 hours; and that all growth stopped uniformly 
at a certain stage, even in the most carefully sterilized cultures. 

Blackman (10) investigated the germination of teliospores of the 
Uredineae and the formation of the sporidia. He brought out clearly 
the fact that the sporidia are promptly formed in air, but not when 
the germ tube of the promycelial cell is immersed in water. Later 
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{11) he concluded that the teliospore is a spore mother cell which 
undergoes a tetrad division to form the four sporidia. 

Klebahn (3Jf) compiled the knowledge of the heteroecious XTre- 
dineae, adding much as a result of his own investigations. He clearly 
stated the fact that the sporidia are forcibly thrown from the sterig- 
inata, but he did not include the genus Cronartium among the ni>sts 
in which this phenomenon occurs. He also arguini that the spores 
are carried some distance by wind, and gave convincing proof that 
this actually occurs with certain species of the Uredineae. 

Schaffnit {U) investigated the factors controlling the germination 
of the aeciospores and uredospores of the wheat rusts. lie concluded 
that they mature only when attached to sporophores, and that mois¬ 
ture favors their production and germination. 

Maire {SB) summarized the known biology of the rusts. He em¬ 
phasized that telia formed as a result of the decadence of the leaf 
or that part of the leaf upon which the sori were lo(‘ated. He re¬ 
ported that sporidia were thrown off forcibly, and that convection 
air currents picked them up and bore them off to indefinite distances; 
and that the number of sporidia produced and set free at a given 
center had a direct influence upon the distance that they might bo 
canned and still infect their hosts. 

Dietel {21) investigated the discharge of the sporidia of a number 
of the rusts, including species of Puccinia, Coleosporium, and 
Cronartium. However, he conducted only one experiment with 
Cronartium and it was unsuccessful, so this genus still remained to 
be investigated. He found in the other two genera that the sporidia 
were thrown off. 

Eobinson { 42 ) studied the effect of external stimuli on the sporidia 
of Puccinia matvacearum Mont. In 12 hours ho got good crops of 
sporidia, which germinated normally in proximity to leaves of 
numerous species of plants, and abnormally when near a few specific 
kinds. He found that the germ tubes were negatively heliotropic 
and were not attracted by small pieces of leaves in the cultures. 

Eeed and Crabill { 4 O) made a detailed study of the germination 
of the teliospores of Gymnosporangium juniperi-virginianae Schwein- 
itz, giving especial attention to factors which might influence their 
functions. They found that the teliospores on the outside of the 
spore tentacle germinated first and shriveled away, exposing those 
beneath, which germinated in turn. They detennined the cardinal 
temperatures necessary for germination, that the presence of free 
water was required, and that carbon dioxide inhibited germination. 
They found that sporidia germinated by producing simple germ 
tubes or by forming secondary sporidia, which might germinate 
in the same manner as the primary onces. They observed that 
secondary sporidia were produced only when the primary sporidia 
were kept moist constantly from the time of production until ger¬ 
mination. They ascertained that the longevity of the sporidia was 
five or six days in an air-dried condition; that drying was fatal to 
them, even at relatively low temperatures; and that in direct sun¬ 
light they were killed in two to five hours. 

Colley {18) made a careful study of the anatomy and cytology of 
ail the spore forms of Cronartium vihicola. He found that telial 
columns arose either from old uredinia or as entirely new and sepa- 
:t^te entities; that mature columns were aggregations of vertical 
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rows of mature teliospores; that the terminal spores of the column 
were the older ones, new ones being added by cell division at the 
base of the column; that all of the spores of a column might ger¬ 
minate in situ; that germ tubes from spores within the column 
pushed forth between the overlying rows of teliospores and then 
produced promycelia in the normal manner; that germ tubes of 
teliospores soon formed promycelia with four fertile cells, if not shut 
off from the air by immersion in water, in which case long germ tubes 
were formed, but no promycelia; that each fertile cell of the promy¬ 
celium in turn produced a short germ tube or sterigma, from the tip 
of which a spherical sporidium was abstricted; that the sporidia 
germinated by producing I'elatively stout germ tubes; and that 
secondary sporidia were formed quite commonly. 

Doran (2S) determined the cardinal temperatures for the ger¬ 
mination of the spores of several of the Uredinales, including the 
aeciospores and uredospores of Gronartiwn ribicola. He also {24) 
studied the factors controlling the functions of fungous spores in 
general. He found that matiue spores endured a wider range of 
environmental conditions than did immature spores; that freshly 
matured spores were more viable than old ones; that the longevity 
of spores depended upon the conditions under which they were 
stored; and that crowding of spores in cultures inhibited germination. 

Clinton and McCormick (J.5,16,17) studied the artificial infection 
of young white pines by Oronartium ribicola. They found that 
infection took place through the stomata of the leaves, and they 
traced the development of the mycelium in the host and its course 
down the leaf and into the bark. 

Tubeuf (58) had previously found that infection of white pines by 
Oronartium ribicola took place through the leaves, but he had not so 
carefully determined the course of events within the leaves. 

York {49, 50, Siy made preliminary studies on the longevity of 
the sporidia of Oronartium ribicola. His results indicated that they 
are relatively short-lived and susceptible to external influences. He 
developed methods for obtaining abundant sporidia at will. 

Spaulding (51) summarized the known facts concerning Oronartium 
ribicola, adding much as the results of the investigations by himself 
and associates, 

Taylor (56) estimated the sporidial production of Oronartium 
ribicola in maximum infections on the various species of Kibes of 
the eastern United States. 

York and Snell {6S) found that sporidia of Oronartium ribicola 
infected young plants of Pinus strohus when the temperature was 
64 to 65° F. and the relative humidity was 94 to 95 per cent in the 
inoculation chamber. 

Spaulding {52) found teliospores of Oronartium ribicola germinat¬ 
ing naturally out of doors in winter and producing sporidia in the 
snow. He also found that teliospores might retain viability until 
early winter when kept out of doors. 

BuUer {12) investigated the setting free of the sporidia of many 
of the Uredinales. He found in all species studied, that a tiny 
droplet of water formed at the base of the sporidium just at maturity, 

York, H. II., Snell, W. H., Overholts, L. O., Taylor, M. W., and RATHBUN-GRAVATrr A. 
OBSERVATIONS ON THE SRORES OP CRONATiuM. RIBICOLA FISCHER. [Unpublished manuscript.j 
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and that the sporidium was then shot off into space. He erred 
in attributing to Klebahn {S4), the first mention of throwing off 
of sporidia of the rusts as it had been noted by earlier writers 
{2, 9, 64), He also erred in saying that Dietel {21) definitely 

proved that the sporidia of the genus Cronartium were thrown off 
from the sterigmata, for Dietel made only one test with a Cronartium 
and it was unsuccessful. There is little doubt that the sporidia of 
the Cronartiums are forcibly thrown off, but apparently this has not 
yet been proved. 

Spaulding and Eathbun-Gravatt {52, 54) studied the factors con¬ 
trolling the activities of the teliospores, and to some extent those 
of the uredospores, of Cronartium rihicolam They found that the 
teliospores might survive exposure out of doors for about three 
months; but that the uredospores survived a shorter time, two 
months after telia were formed upon the same leaves being about 
the limit for them. 

Snell and Eathbun-Gravatt {46) successfully infected old white 
pines with sporidia of Cronartium rilicola, both with and without 
moist chambers. They conducted experiments only at high relative 
humidities and rather low temperatures. 

This historical review indicates that knowledge of the morphology 
and cytology of Cronartium, particularly C, ribicola, is quite complete. 
While much study has been made of the influence of physical factors 
on the germination of spores of the Uredinales in general, it can not 
be said that the present knowledge on this subject is at all complete. 
There is now only a meager knowledge of the physical factors 
controlling the functions of the sporidia of any of the rusts. The 
physiological factors controlling the functions of the sporidia of 
Cronartium had been largely ignored until the problem of the factors 
controlling infection of pines was attacked. 

MATERIAL NECESSARY AND AVAILABLE 

Investigations of the type reported in this paper require an enor¬ 
mous number of sporidia, procurable only from a great number of 
telial columns, which in turn can usually be obtained only from very 
large numbers of telium-bearing Ribes leaves. Such masses of 
material can be collected only from Ribes bushes growing under the 
best conditions out of doors and subjected to heavy infection 
naturally. It is necessary to search over large areas to find enough 
Ribes bushes of the native wild species which fulfill all of these 
conditions. The different species of Ribes vary much in the number 
of telia and sporidia which they produce. Taylor (66) gives a graphic 
representation of the variation in telial production. The Ribes 
species also vary much in the typical size of leaves, and in percentage 
of total leaf surface which bears telia. Bibes nigrum L. which pro¬ 
duces by far the most abundant supply of telia, was the mainstay in 
these investigations. Two dozen heavily infected leaves of this 
species often furnished enough material for a group of experiments 
consisting of 24 slides, the minimum number required for each day. 
To obtain a similar number of telia from B, rotundifolium Michx., 
a small-leaved species, more than 600 leaves were used. These 
wore infected more heavily than this species usually is, and they 
were practically the entire season's crop in an especially good spot. 
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The period of natural production of telia varies with the season, 
(51) but for the northeastern States it extends from approximately 
July first until the Ribes leaves fall from the bushes. In 1923 
investigations were conducted at Warrensburg, N. Y., which is 
located in the region of general white pine blister-rust infection, from 
August 1, when telia were first produced in abundance, until October 
10. In many of these tests in 1923 it was necessary to use telia from 
stored dry leaves. In 1924 the investigations were continued at the 
same place from August 4 to September 10, when wet weather had 
germinated so many of the telia that further work was useless. 
In 1924 the telial material was of good quality. 

An effort was made to test sporidia from aU possible species of 
Eibes growing in that part of the United States. Varying amounts 
of material were collected from eight species —Ribes americanum 
MiU., cynosbati L.; R. glandulosum Grauer; R, nigrum L.; R, 
odoratum Wendl.; R, rotundifolium Michx.; R, triste Pallas; and R, 
vulgare Lam. The number of tests recorded in Table 3 is a fair 
index of the relative abundance of telia on the different species of 
Eibes in the eastern Adirondack region in 1923 and 1924. 

About 350 series of experiments were made. Each series con¬ 
sisted of 2 to 12 slides bearing sporidia. In 1924 alone data were 
taken on more than 30,000 sporidia on the undried control slides, on 
more than 30,000 on the dried control slides, and on more than 64,000 
which were exposed to various conditions. The data were based on 
representative samples of all the sporidia on each slide. The data 
were taken by moving the slide two or three times, both vertically 
and horizontally, across the microscope stage. The number of 
sporidia for 1923 was smaller than that for 1924. It is estimated 
that about 1,000,000 sporidia were present upon the slides in the 
two years, and probably this number was only a fraction of the total 
number produced by the teliospores, as many sporidia were lost in 
removing the telial columns from the slides. 

METHODS 

So far as possible sporidia from telia on newly collected Ribes 
leaves were used, but weather conditions at times made it necessary 
to use material which had been stored for three or four weeks. While 
storage of the telial material reduced the amount of telial germina¬ 
tion, the sporidia produced by such material appeared to be as viable 
and vigorous as those from telia on newly collected leaves; that is, 
stored teliospores did not produce as many sporidia as fresh ones 
did, but the sporidia that were produced apparently were of maxi¬ 
mum vigor. 

GERMINATION OF THE TELIA 

Various workers (1, 2, 3, 4, 6, 7, 8, 10, 11, 18,19, 27, 83, 36, 88, 

89,40,41, 43, 51, 52, 54) have investigated the morphology and, 
at least incidentally, the physiology of the germination of the telio¬ 
spores of the Uredinales, but only a relatively few have included any 
Cronartiums in their investigations. 

The oldest teliospores in a telial column of Cronartium ribicola 
are the terminal ones, as the length of the column is increased by 
the formation of new teliospores at its base (18), A newly formed 
telial column begins to germinate at its tip (48), and germination 
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proceeds dowiaward as far as mature teJiospores have been formed. 
Preliminary attempts were made to collect dry sporidia on slides by 
germinating the telia in situ on the Ribes leaves in moist chambers. 
x4fter the proper germination period the leaves were supported over 
slides so that the mature sporidia could drop to the slides. Too few 
sporidia were obtained in this manner, so for the purpose of the 
tests reported in this paper the telial columns were germinated by 
the so-called ^'floatingmethod, which has been described in an 
earlier paper (54)- 



Fio. 1.—Time necessary in preliminary tests for the production of sporidia of Cmnartnim rihicola. The 
curves (3-hour moving averages) show tho number of telial columns [iroducing sporidia at any one time 
expressed in percentages of tho number of columns examined at that time 
Dash lino: Sporidia produced from telia from Ribes nigrum stored 5 days intloors. 

Dot-dash line: Sporidia productod from telia from mbes amerkanwn stored If) days indoors. 

Solid line; Sporidia produced from telia from Ribes nigrum stored 25 days indoors, 

TIME NECESSARY FOR PRODUCTION OF SPORIDIA 

^ Five preliminary tests with material stored for various lengths of 
time showed that the longer the period of storage the longer the 
time necessary for germination of teliospores and for production of 
sporidia. (Table 1 and fig. 1.) Also, the number of viable teliospores 
tended to decrease with increase in length of time in storage, dry 
(fig. 1). These facts wei;e determined by hourly counts of germinated 
teliospores. Upon consideration of the above-mentioned tests, and 
of others in which hourly counts were not made, it was found that, 
for stored material, 18 hours might be taken as a standard germination 
period for obtaining an abundant supply of sporidia without exces¬ 
sive pregermination (germination before the preliminary drying of 
the sporidia). For fresh material a germination period of 12 hours 
was sufficient. Several attempts to shorten the germination period by 
but one hour resulted in scant sporidial production. Like increases 
in® length of the germination period often resulted in increased pre¬ 
germination. It is of interest to note that Robinson { 4 ^) found that 
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it took 12 hours to get a good crop of sporidia of Puccinia mahacearum. 
It is lilvely that temperature has much to do with the length of time 
needed for germination, as York and Snell {6S), working at North 
Conway, N. H., found that only 5 to 6 hours were necessary for the 
germination of fresh teliospores and the production of sporidia of 
Cronartium ribicola. 


Table 1. —Number of hours necessary for the formation ayid germination of sporidia 

of Cronartium ribicola 


Ribes species 

i Collected 

Storage 

period 

(days) 

Hours from 
start of test 
to forma¬ 
tion of first 
sporidia 

Hours from 
start of test 
until 

number of 
telia pro¬ 
ducing spor¬ 
idia reached 
the maxi¬ 
mum 

Hours from 
start of test 
to first 
germinating 
sporidia 

Place (N. Y.) 

i 

1 

Date, 1923 

R. nigrum. 

1 Edinburg. 

Sept. 30 

i ^ ' 

3 

i 

i 12 

11 

R. amerieanum. 

' Warrensburg.. 

Sept. 18 

15 

6 

! 14 

15 

R. _ 

1 Darrowsville._l_.^_ 

Sept. 12 ! 

20 

6 

13 

17 

R. nigrum. 

i Edinburg. 

Sept. 7 1 

i 25 

13 

23 

20 

R. nigrum. 

i Wadhams.. 

Aug. i 

j 

i 29 

! 

8 

24 

20 


PREPARATION OF SLIDES 

Since it was impossible to collect a sufficient number of sporidia in 
a dry condition on glass slides, it was necessary to get them floating 
in water. After the teliospores had been allowed to germinate for the 
required time, the telial columns were floated on a clean dry slide. 

A drop of water was added to the telia’on the slide, if it was neces¬ 
sary, and then the telia were stirred around briskly in the water to 
detach as many of the sporidia as possible from the promycelia. 
The telial columns were removed with a finely-pointed forceps. 
Next the fragments of columns were removed under a binocular 
microscope. The sporidia were then carefully examined for pre¬ 
germination under a compound microscope. Usually there were 
few pregerminated sporidia on any slide, and their germ tubes were 
rarely more than 10/x long. In all of the work with sporidia in the 
two years, only two or three secondary sporidia were found to have 
been formed as a result of pregermination; they were so rare that they 
were disregarded. In each group of experiments the amount of pre¬ 
germination was quite uniform on all of the slides. Careful notes on 
the amount of pregermination were made for each slide. During 
the above operations the slides were not allowed to dry. 

PRELIMINARY DRYING OP THE SPORIDIA 

After the condition of the moist sporidia had been ascertained, 
they were dried. In the earlier tests this was done out of doors, and 
in the later ones it was done in a cellar where the atmospheric condi¬ 
tions were nearer the mean of the out door air conditions than those 
elsewhere, A small electric fan was used to hasten the drying of th^ 
slides in the cellar. The time required for drying the slides varied^ 
with the temperature and relative humidity, but it was seldom less 
than 5 and never more than 30 minutes. The time neceessary for 
drying, and the temperature and the relative humidity at which dry- ' 
ing occurred, were recorded for every dried slide, except in the pre- 














406 


Journal of Agricultural Research 


Vol. 33, No. 6 


liniinary work. As soon as a slide looked dry to the unaided eye it 
was examined for water under a compound microscope. If no water 
was detected the slides was considered to be dried. 

EXPOSING THE DRIED SPORIDIA 

Each slide of dried sporidia to be exposed was subjected to the 
desired atmospheric conditions, some out of doors, some in the cellar 
mentioned above, and some in chambers where these conditions were 
controlled. At the beginning, and at the end of the exposure the 
temperature and relative humidity of the air were recorded. A 
recording hygrothermograph, which was checked once or twice 
daily by comparison with a thermometer and a sling psychrometer, 
gave data for the intervening time. At the end of the period of ex¬ 
posure each exposed slide was examined with a compound micro¬ 
scope for any water which might have condensed upon it. No con¬ 
densation water was ever found on exposed slides, except in certain 
tests described below. 

GERMINATION OF SPORIDIA 

Each series of slides consisted of at least one exposed slide and one 
unexposed slide which served as a control. This control slide, called 
the “dried” control, was merely a slide which had received the same 
preliminary drying as the experimental one, but no subsequent ex¬ 
posure. The majority of the experiments included a second control 
slide, called the “undried” control, which remained wet throughout 
the experiment, receiving neither the preliminary drying nor any 
subsequent exposure. The undried controls showed the viability of 
the sporidia used in the experiments. The number of exposed slides 
in a series varied from 1 to 10, according to the factor being investi¬ 
gated. As soon as the telial columns had been removed from the un¬ 
dried control the control was placed in a small germination chamber. 

As soon as the preliminary drying was finished the dried control 
was moistened with a thin film of clean, fresh, tap water. Usually 
this water film was applied with an atomizer, but in some experiments 
the dry slides were laid on a flat cake of ice where a very thin con¬ 
densation film formed almost immediately on them. This method of 
wetting the dried slides is discussed more fully under the heading 
“Effect of icing on the viability of sporidia.” 

After the dried control had been wetted again, it was placed in the 
same germination chamber as the undried control of the same series. 
After being exposed and rewet the exposed slide was placed in the 
same germination chamber with its two controls. Where there were 
more than one exposed slide in a series, several germination chambers 
were necessary. 

The germination chambers were kept in the above-mentioned 
cellar, during the germination period, because of the relatively uni¬ 
form temperature there. Tests showed that no further germination 
took place in water cultures after about 24 hours. This agrees with 
'^arleton^s ( 14 ) general statement concerning the germination period 
of rust spores. It was also found that the germ tubes did not in- 
creasje in length after about the same period of time. These facts 
iniide it possible to examine all of the slide of a series at the same time 
without introducing serious errors. 
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Massing of the sporidia sometimes resulted in no germination 
within the masses. This probably was an oxygen reaction, but it 
may have been a toxic one. Lack of germination was also noted 
when telial columns were badly massed (54)i and it is apparently 
quite common when rust spores are massed (^4)* 

EXAMINATION OF THE GERMINATED SPORIDIA FOR RESULTS 

At the end of the germination period the sporidia were examined 
for germination under a compound microscope. Records were made 
of the number of sporidia counted, the number germinating, the 
length of germ tubes formed, and the presence of secondary sporidia. 
The primary and secondary sporidia were of the same approximate 



Fig. 2.—Germination of sporidia of CronartUm rihicola: A, ungerminated sporidium; B. C, Slight germi¬ 
nation of the type referred to as “ pregermination*' in this paper; D, E, Secondary sporidia; F, branched 
^rm tube; G, H, I, J, vigorous germination; K, tertiary fporidium producedby a secondary s.orid- 
ium; L, sporidium with several abnormally slender and rather short germ tubes 

size, and they resembled each other so closely in every way that the 
writers could not distinguish one from the other. The presence of 
secondary sporidia in large numbers often decreased the apparent 
germination percentages, because many of them were detached in 
placing the cover glasses before examination. Since these secondary 
sporidia had not begun to germinate, they increased the number o£^ 
imgerminated sporidia counted. Germ tubes of primary sporic^’ 
which have produced secondary sporidia are likely to be sharply 
pointed (16^ 18). In some slides the number of these pointed^emi 
tubes nearly equalled the number of ungerminated sporidia found. 
Figure 2 shows some of the various forms of germ tubes produced. 
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The germ tubes produced by the sporidia in the tests ranged in 
length from 10 to 100 /x. Germ tubes 50 to 60 m in length were not 
uncommon. Vigorous germination yielded germ tubes 25 /x or more 
in length. The lengths of the germ tubes were important, because 
they made it possible to distinguish between growth which had 
occurred before the sporidia were subjected to the preliminary drying 
and growth which occuiTed after that time. The presence ol second¬ 
ary sporidia was also important in this connection, because they were 
practically never found in situ as a result of pregermination. Their 
presence in numbers subsequent to this stage of the experiments could 
be due only to their formation after the preliminary drying and the 
exposure of the sporidia. 

CORRELATING THE DATA 

There was little time in the field laboratory to correlate the results, 
as all efforts were bent upon clearing up certain practical questions 
concerning the behavior of these erratic, and, in some respects, very 
easily affected spores. When the data were analyzed it was found 
that many gaps still existed. No excuse is offered for this, because all 
possible data were taken. Since further work upon this problem is 
deemed inadvisable at present, it is believed that the data should be 
published so as to be available to future investigators. The results 
are presented largely by means of graphs, because of the great 
condensation which is possible by this method of presentation. Pub¬ 
lication of detailed tables would be out of the question. 

While preparing the data, it was found that although sporidia were 
very resistant to some adverse conditions, they were at times very 
sensitive to minor changes in environment. For this reason, the 
results from a number of early experiments, in which all of the 
sporidia on both the control and exposed slides had succumbed to 
some obscure and undetected condition, were discarded. 

As stated earlier, the air temperature and relative humidity were 
recorded for each exposed slide in every experiment. However, the 
same relative humidity at different teinpei'atiires may result from 
different actual amounts of atmospheric moisture. Saturation deficit, 
which can be computed from temperature and relative humidity, is 
an index of the drying power of the air. The writers' data of air 
temperatures and relative humidities have been converted into 
saturation deficits in millimeters, in order to reduce these two different 
variables to a common basis. Saturation deficit can bo computed 
’ easily by means of meterological tables {45) and a formula given by 
Hann {29). Or, relative humidity and temperature can be con¬ 
verted directly into saturation deficit by one reading from a graph 
published by Meyer (37). Both methods gave the same results. 

After the saturation deficits had been calculated, the data were 
arranged in groups or classes according to the saturation deficit of 
the air to which the sporidia were exposed. Usually the air condi¬ 
tions remained within one saturation-deficit, class during the whole 
ij^xposure period for each slide. In those cases where the saturation 
•li^ficit varied from one class to another, the data were grouped in 
tm, class of the greatest saturation deficit occurring during the 
exp^^ftire. 

, Throughout this paper the term “weighted three-point moving 
l lfe e rage" is used to' indicate a moving average each point of which 
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is weighted by the number of tests made at that point and by the 
number of tests made at the points on either side. For example, 
suppose 10 tests with an average of 70 per cent were made at a satura¬ 
tion deficit of 2, 5 tests with an average of 80 per cent at a satura¬ 
tion deficit of 3, and 20 tests with an average of 60 per cent at a sat¬ 
uration deficit of 4. The value for saturation deficit 3 in the weighted 
three-point moving average would be 

ao X 70 per cent) + (5X80 per cent)-f (20X60 per cent) _ 

-10+5-b20 

The value of each point in the moving average was determined in 
this way. 

EFFECT OF DRYING ON THE VIABILITY OF SPORIDIA 

Unless it germinates immediately after maturing, practically every 
sporidium produced in the fields and forests of this country is sub¬ 
jected at some time to some degree of desiccation. Buller (12) and 
others (9, 21^ S4, 26) found that the sporidia of many of the Ure- 
dinales are thrown forcibly from the sterigmata. Buller also ob¬ 
served that at the time of maturity each sporidium of some genera 
of the rusts has at its base a tiny droplet of water and that when the 
sporidium is thrown off the water drop goes with it. This is a most 
remarkable provision against desiccation. Unfortunately no species 
of Cronartium has yet been carefully examined to determine whether 
it is like other genera of the Uredinales in these respects. It is 
likely that it is, however. Since the susceptibility of sporidia to 
desiccation may be decisive in controlling tlxe amount of infection 
which they may cause in white pines, the effect of drying on their 
viability is very important from a practical standpoint. This prob¬ 
lem was one of the most urgent of all those connected with the physi¬ 
cal factors controlling the functions of the sporidia of Cronartium 
ribicola. It was attacked from several different angles. 

Throughout the present investigation the sporidia were studied 
on glass slides. Heald and Studhalter (31), working with the spores 
of Endothia parasitica (Murrill) A. and A., found ^Hhat conditions of 
desiccation on a glass surface are more severe than on surfaces on 
which spores would be dided under natural conditions in the field.” 
They concluded that tests made from spores on glass surfaces did 
not give the maximum longevity of either ascospores or pycnospores 
of E. parasitica. In view of these results there is a possibility that 
sporidia of Cronartium ribicola, if they had been dried on some other • 
surface besides glass, would have been even more tolerant of drying 
than they appeared in any of the reported tests. No comparative 
test? were made to determine this point, because time was limited. 
Some longevity tests of sporidia dried on epidermis of Ribes leaves 
or of pine needles and on pine bark are very desirable. 

EFFECT OF THE PRELIMINARY DRYING ON THE VIABILITY OF THE SPORIDIA 

Since large numbers of sporidia could be obtained only in a 
condition, it was imperative to determine the effect of the prelimiim^^ 
drying to which all sporidia to be exposed were subjected befi«6i[any 
experiment could be started. For this reason every expenmdht * 
consisted of a series of slides of sporidia. Every series contained 
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an exposed slide or slides, and a dried control slide; and the majority 
of them also included an undried control slide which represented the 
vigor of the sporidia before any drying took place. The effect of the 
preliminary drying has been considered from various angles. 

In Figure 3, the percentage of germination of the sporidia on 
control slides dried at saturation deficits up to 5 mm. are compared 
with those of the directly comparable undried controls. Inspection 
of the graph indicates that, on the whole, the undried sporidia ger¬ 
minated better than the dried ones. 

The average of the percentages of germinations for the undried 
control slides was 61.1, while that for the strictly comparable dried 
controls was 42.7, a difference of 18.4 per cent in favor of the undried 
ones. When all the experimental data (including those from slides 
which were not directly comparable) were utilized, the results were 
practically the same as when only strictly comparable data were used. 

The weighted averages of the results in the strictly comparable 
experiments were obtained as follows: In the undried controls 25,743 
sporidia were counted, of which 15,999, or 62.1 per cent, germinated; 



Fig. 3.—Distribution of the germination percentages of sporidia of Cronartium ribicota in the controls dried 
at saturation deficits up to 5 mm., and the distribution in the directly comparable undried controls 
Solid line: Undried controls. 

Dash line: Dried controls. 


in the strictly comparable dried controls, 26,027 sporidia were counted, 
of which 11,530, or 44,3 per cent, germinated. The difference 
between the two was 17.8 per cent. When all of the experimental 
data (including those from slides which were not strictly comparable) 
were used, the results were practically the same. 

Both of these methods of avera^ng indicate that the preliminary 
drying reduced the average germination by approximately 18 per 
cent, on the basis of 100 per cent possible germination. On the 
basis of the germination actually occurring in the cultures, it reduced 
germination about 29 per cent. 

While the difference between the averages for the dried and un¬ 
dried sporidia is large, the high variability shown in Figure 3 makes 
desirable some further examination of the significance of this differ- 
r^ce. In the pairs of directly comparable Sides the undried slides 
Hm^unfrequently gave lower percentages o^ermination than did the 
^drie&j^es. However, it is evident from Table 2 that in fvtiy one 
- of tlu^44 groups into which the tests were divided, the percentage of 
gemination on the undried slide was greater than that on the dried 
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one in more than half of the pairs of slides. Figure 4 gives further 
information on the relative constancy of the superiority of the un¬ 
dried slides. The results are so consistent as to leave no doubt 
concerning the general harmful effect of the preliminary drying upon 
the viability of the sporidia. 
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Jig. 4.—Comparison of the germination of sporidia of Cromrtium rihicola in the controls dried at various 
saturation deficits with that in the strictly comparable undried controls. The figure at each point repre¬ 
sents the number of experiments upon which each point is based. This number is the same for both 
the undried and the dried controls 
Solid line: Germination in the dried controls. 

Dash line: Weighted 3-point moving average of the same results. 

Circle-solid line: Germination in the undried controls. 

Circle-dash line: Weighted 3-point moving average of the same results. 

Table 2. —Relation between the injury caused by the preliminary drying of the 
sporidia of Cronartium ribicola and the saturation deficits at which the drying 
was done 
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In Table 2 the difference in favor of the imdried sporidia was 
more consistent at the higher saturation deficits than at the lower 
ones. Figure 4 shows clearly that the magnitude of the difference 
in percentages of germination in favor of the undried sporidia in¬ 
creased steadily with increase of the saturation deficit. Because the 
number of experiments at some of the greater saturaUon deficits was 
small, the moving average shown by the broken line is the best basis 
for comparison. The material used in the experiments at the greater 
saturation deficits happened to be poorer, on the whole, than that 
used at the smaller saturation deficits. As a consequence of the 
cramping of percentages near the end of the scale, it is reasonably 
certain that the differences between dried and undried sporidia in the 
experiments at the greater saturation deficits would have been even 
larger than it was if the material had been as good as that used in 
the experiments at smaller saturation deficits. 

Comparison of the results with sporidia from different species of 
Ribes in Table 2 makes it appear that the preliminary drying caused 
less damage to sporidia from the very congenial host Riles nigrum 
than to sporidia from less congenial hosts. Comparison of the results 
from sporidia produced on R. nigrum with the results from sporidia 
from all of the other species of Ribes (given in the next line below 
R. nigrum in Table 2) shows that in both of the lower saturation- 
deficit groups the difference in favor of the imdried sporidia was 
about 10 per cent greater for other species than for R, nigrum. In 
each column, however, the difference between the percentages for 
sporidia from the two sources was no greater than the standard error, 
and the combined differences obtained from the two columns is less 
than one and one-half times its standard error, so the difference is 
of doubtful significance. There is about 1 chance in 16 that the 
difference in the effect of the drying was accidental. The compari¬ 
son presented in Table 2 gives no information on the magnitude of 
the difference between the effect of the drying on sporidia from 
R. nigrum and its effect on those from other Ribes species. The 
average of the germination percentages of sporidia from R. nigrum 
which received their preliminary dryings at saturation deficits 
between 0 and 6.9 mm. was 48 per cent; that of the comparable 
undried controls was 66 per cent. The preliminary drying reduced 
the average germination by approximately 18 per cent, on the basis 
of 100 per cent possible germination. On the basis of the jfcrmina- 
tion actually occurring in the cultures it reduced germination about 
27 per cent. The average of the geiinination percentages of spo¬ 
ridia from other species of Ribes which received their preliminary 
dryings at saturation deficits between 0 and 6.9 mm. was 35 per 
cent. That of the comparable undried controls was 59 per cent. 
The preliminary drying reduced germination about 24 per cent, on 
the basis of 100 per tent possible germination. On the basis of the 
germination actually occurring in the cultures it reduced germina¬ 
tion about 41 per cent. The averages weighted by the number of 
l^poridia counted and by the number germinating on each slide were 
rwproximately the same as those obtained by merely averaging the 
S^nination percentages of each slide. 

a sporidium which does not germinate can not infect a white 
pure nt^edle, even if all other conditions are favorable, the fact that 
even a forief drying reduces germination means that it reduces the 
possible umber of infections from sporidia. 
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EFFECT OF ALTERNATE WETTING AND DRYING ON THE VIABILITY OP SPORIDIA 


The effect of alternate wetting and drying of sporidia on their ^ 
viability and their power to infect pines is another question of con¬ 
siderable practical importance, because in nature the sporidia are 
subjected to such conditions when dew or showers alternate with 
sunshine. Four groups of experiments yielding data on this problem 
were conducted with sporidia from different collections of Rihes 
nigrum. These included 14 series of tests, in 11 of which the films 
of water germinating the sporidia were obtained by laying the slides 
on ice for 1 or 2 minutes. In the first group of experiments some of 
the slides were dried and then wet once, some twice, and some three 
times. In the second and third groups the test slides received 1 to 5, 


and in the fourth group 1 to 11, alternate wettings and dryings. 

Figure 5 gives a compari¬ 
son of the germination of 
sporidia on iced slides which 
were dried 1 to 5 times at 
saturation deficits of 5 to 9 
mm., with the germination 
of sporidia on iced slides 
dried at saturation deficits ^ 
below 4 mm. The former | 
were injured more by the | 
drying than by the latter, | 
beginning with the first dry- 
ing and continuing to the | 
fifth. The saturation defi- ^ 
cits above 5 mm. decreased ^ 
germination from the be¬ 
ginning, while those below 
4 mm. did not begin to 
decrease germination until 
the third diying. In other 
words, the influence of the 
saturation deficits above 5 
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mm. was more marked than 
that of those below 4 mm. 

Figure 6 gives a compari¬ 
son of the comparable iced* 
and uniced sporidia which 
were dried at saturation 


Fig. fi.—Effect of one to five alternate wettings and dryings 
on the germination of sporidia of Cronartium rihkola. All 
spoiidia were wet by laying the slides on ico for 1 or 2 
minutes. The figure at each point is the number of test,s on 
which the point was based 

Solid line; Germination of sporidia dried at saturation 
deficits of 2 to 4 mm. 

Dash line: Germination of sporidia dried at saturation 
deficits of 5 to 9 mm. 


deficits of less than 4 mm. 


The trend of both graphs is downward, but the one for the iced spo¬ 
ridia does not drop, as low as does that for the uniced ones until the 
eighth drying. Beginning with the sixth drying, there is but one 
experiment for each of the following points. % Hence the data for 
these should receive less weight than those based upon more experi¬ 
ments. 


Even 11 alternate wettings and dryings did not kill all of the 
sporidia. This fact is emphasized more hy the length of the geri^ 
tubes produced than by the percentages of germination. The 
mum lengths of germ tubes produced in the two series in whic hd^r e 
were 1 to 11 alternate wettings and dryings are shown in taul?Wnr’ 
page 414. 

102645—26- 2 
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When these same slides were examined for evidences of pregermina¬ 
tion it was found that pregermination was absent or slight, and that 
the tubes ranged from approximately 5 to 15 microns in length. 


Number of times dried 

Maximum lengths 
of germ tubes 
produced by— 


Iced 

sporidia 

Uniced 

sporidia 


MiCTom 

Microns 

0.. 

40 

GO 

1.. 

50 

40 

2,.-.- 

50 

50 

3. 

50 

20 

4.—. 

25 

30 

5.-. 

30 

50 

6. 

30 

30 


60 


8. 

20 

50 

9. 

20 

30 

10.-. 

20 

40 

11.—- 

30 

20 


It is clearly shown by the above results that while^ a single brief 
period of dryness is harmful, as is shown by a comparison of the re¬ 
sults obtained with the undried and the sporidia dried once (page 409), 
repeated drying is not as deadly as one would expect. In fact, a 
few sporidia showed remarkable resistance and germinated strongly, 
even after 11 dryings. Alternate wetting and drying was, on the 



and dried 1 to 11 times at saturation deficits of 2 to 4 mm. The figure at each point is the number of 
tests on which the point was based 


Solid line: Germination of iced sporidia. 

Dash line: Germination of uuiced sporidia. 

less injurious when the sporidia were wet by icing than when 
th^TZ^ere wet by spraying. Drying of the iced sporidia was some- 
irfifcnpquicker than that of the uniced ones, as the film of water was 
thinner. It may be possible that if the sporidia had remained dry 
longer between wettings more injury would have been noted. 
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EFFECT OF PROLONGED DRYING UNDER UNCONTROLLED CONDITIONS ON THE 

VIABILITY OF SPORIDIA 

To get an idea of the possible longevity of sporidia under the con¬ 
ditions existing out of doors during the season in which infection of 
pines occui’s, slides of sporidia which had received the preliminary 
dryings were exposed to uncontrolled atmospheric conditions. 
These conditions were liable to sudden and decided change, as the 
weather at the season and place where the work was done was capri¬ 
cious. The relative humidity and temperature varied more or less 
while the experiments were in progress. At the beginning and at 
the end of each test the relative humidity and the temperature were 
recorded. From these the saturation deficits were calculated and the 
data were grouped into saturation-deficit classes. Where the con¬ 
ditions varied between two classes, the data was placed in the greater 
saturation-deficit class. Figures 7, 8, and 9 show the percentages of 
germination for the controls which had received only the preliminary 
dryings, and those for the sporidia which were further dried during 
exposure. They show that exposure of sporidia at all saturation 
deficits had an unfavorable effect on viability, but that some sporidia 
survived at all the saturation deficits in the tests. 

In Figure 10 is a graph for each of the saturation-deficit classes, 
based on the difference between the average germination on the dried 
control slides and that on the exposed slides. Because of fragmentary 
data for the larger saturation deficits, the isolated points were con¬ 
nected with broken lines to show the general trend of each graph. 
Up to 12 hours^ exposure, the graphs for the three classes run as 
would be expected—i. e., in the class of the smallest saturation 
deficit there was less difference between the dried controls and the 
exposed sporidia than there was in the other two classes. The graph 
for the medium saturation-deficit class occupies the middle position, 
and that for the class of greatest saturation deficit gives the greatest 
differences. This general trend is apparent throughout- the graphs, 
in spite of the erratic fluctuations occurring at the longer times of 
exposure, these fluctuations probably being due largely to the scanti¬ 
ness of data. In general, within each saturation-deficit class the 
difference between the average germination of the exposed sporidia 
and that of the dried controls increased with the length of the 
exposure. 

Table 3 gives data of the tests on the longevity of sporidia under 
natural (uncontrolled) conditions for the various species of Kibes 
from which the telia were taken. Three saturation-deficit classes, 
representing temperatures ranging from 32-86° F. and relative humid¬ 
ities ranging from 58 to 100 per cent, are used to show the conditions 
under which the sporidia were exposed. The upper limit of the third 
class was not the same for all species. Because the conditions were 
not controlled, the distribution of these testsi^ the three classes is 
purely accidental. The third column in Table 3 shows the tests in 
which germination occurred after the length of exposure indicated. 
The amount of germination is not given. The last column gives^ 
similar data for those tests in which no germination occurred aft^T 
exposure. Figures 7, 8, and 9 show the amount of germinaji^ 
which occurred in these tests. Attention is called to the fa^fc^^t 
there were relatively few tests in which germination entirely'fauStf;*'^ 
even under severe conditions. It is believed that the failure to 




Fi<3. 7—Germination ofsporidiaof Cronarimmribicola 
exposed to saturation deficits between 0 and 2.9 mm. 
The control slides had received the same preliminary 
drying and were comparable with the exposed ones, 
except for the exposure. The figure above each bar 
is tte number of tests 

ffsiaek portion of bar, germination of the poorest 

‘We; shaded portion, germination of the average slide; 

K^yjortion, germination of the best slide. 


Pro. 8.r-Germination of sporidia of Oronartium 
ribicola exposed to saturation deficits between 3 and 
4.9 mm. The control slides had received the same 
preliminary drying and were comparable with the 
exposed ones, except for the exposure. The figure 
above each bar is the number of tests 
Black portion of bar, germination of the poorest 
slide; shaded portion, germination of the average 
slide; while portion, germination of the best slide. 
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germinate in certain of the tests is not due to the saturation 
deficits of the exposures but to undetected causes. Germination 
occurred in some of the tests at all 


periods of exposure up to 26 hours 
in length. No attempt was made 
to expose slides long enough to kill 
all of the sporidia, because the 
knowledge that they can remain 
viable in an am-dried condition for 
26 hours is sufficient for all practical 
purposes. The vigor of germina¬ 
tion of the sporidia exposed longest 
is indicated not only by the per¬ 
centage of germinating sporidia 
but also by the maximum lengths 
of germ tubes formed in the cul¬ 
tures. The maximum tube lengths 
for the longest exposed sporidia 
from Ribes rotundifolium and R. 
triste were approximately 20 /x, 
only about 10 fx less than the maxi¬ 
mum of those produced by the 
undried sporidia in the same series; 
and those for R. odoratum and R. 
vulgare were approximately 30 ax. 
No undried sporidia were tested in 
the same series. The maximum 
tube lengths for the longest ex¬ 
posed sporidia from JK. cynosbati 
and R, glandulosum were approxi¬ 
mately 40 ii, which equaled the 
maximum for the undried sporidia 
in the same series. The maximum 
tube lengths for sporidia from R. 
nigrum exposed 26 hours was 30 /x, 
which equaled the^ maximum for 
the unexposed sporidia in the same 
series. These %ures seem to in¬ 
dicate that the prolonged drying 
did not reduce the vigor of the sur¬ 
viving sporidia as much as it did 
the percentage of germination. 

Although the point has not been 
investigated for dried sporidia, it 
has been assumed that a sporidium 
which is capable of germinating^ is 
also capable of infecting white 
pines, if other conditions are suit¬ 
able for infection to take place. In 
order to estimate the possible maxi¬ 
mum number of viable sporidia per 
unit of leaf surface, the maximum 
germination percentages obtained 
after the longest exposures for 



Fig. 9.—Germination of sporidia of CromrUum 
Tibicola exposed to saturation defioits betweenj|iB[ 
and 9.5 nim. The control slides had reeeivedyjs 
same preliminary drsdng and were c^panFile 
with the exposed ones, except for t^*^fc|ii^ure. 
The figure above each bar is thOv ' Coer of 
tests . 


Black portion of bar, germination of the pooresF' 
slide; shaded portion, germination of the average 
slide; white portion, germination of the best slide. 
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each Kibes species were applied to the potential maximum sporidial 
production estimates given by Taylor {56). These give the aston¬ 
ishing figures in the fifth column of Table 4. Each of these sporidia 
would be potentially capable of causing infection of white pines, but 
as a matter of fact only a very small fraction of them would ever 
reach pine needles and very few of those that reach pine needles ever 
cause infection. Observational data show that this is the case. 
Further longevity tests are needed to get an average figure for the 
third column of Table 4. The writers in a previous paper {5S) have 
discussed some of the conditions which would presumably result in 
white pine infections. 
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Fig. 10.—■DifCerenees between the average germination percentages of the exposed sporidia of Cronarthm 
ribicola and those of the controls which had received only the preliminary drying. The figure at each 
point is the number of experiments upon which the point is based 
Solid line: Exposures to saturation deficits between 0 and 2.9 mm, 

Circle, solid line: Exposures to saturation deficits between 3 and 4.9 mm. 

Square, solid line: Exposures to saturation deficits between b and 9.,'5 ram. 

The broken sections of the lines indicate that the data were fragmentary. 


Table 3. —Longevity of sporidia of Cronartiim ribicola from various Hibes hosts 


Ribes species 

Satura¬ 

tion 

deficits 

(mm.) 

! 

Hour of exposure followed by germination 

Hours of 
e.xposuro 
followed by 
failure to 
germinate 

R. americanura. 

1 

1 0-2.9 

14; 1; 2; 3; 4; 5; dA . 


R. cynosbati. 

0-2.9 

5; 6; 7; 7; 8; 8; 9; 9; 10; 10. 

1 j 


3-4.9 


1 


5.0-5.7 

1.... .. 1 



R. glandulosura. 0-2.9 1; IH; 2; 3; 4; 4; 5; 6; 7; 8: 9; 10. 

3-4.9 H; H; Va,* U 1; ll4; 2; 2...I.[."Z. 

5.0-9.5 3; 4; 6. 5 

R. nigrum... 0-2.9 H; H; 14; H; H; K; 14; H; H; Va; Va; i; i; iK; iH; 5; 7; 9; 20M 

I IM; IH; 1J4; 2; 2; 4; 5; 6; 6; 7; 8; 8; 9; 10; 10; 12; 14; 16; 18; 

I 20" 22' 24* 26 

' 3-4.9 14; j4; Vii H; H; H; Va; l; IM; 2; O; 8; 8; 9; 9; 10; 12; 1; 1; 8; 10 

14; 20; 24; 26. 

Tj ^ 6 .0-5.7 16; 18; 22. 

I^^oratum. 0-2.9 H; H; H; % Ve; i; i; iM; iH; 2; 2; lo. 

„ >, 3-4.9 6; 7; 8; 9; 10... 

R.rot''X'idi^lium. 0-2.9 a/a; 1; IH; 2; 6; 8^; 9; IVA .'”r‘ '"r-ri.I 

3-4.9 H; 2; 3; 4; 4; 5; 5; 6; 6; 7; 7; 9; 9; 10; 10. ’ 8;’8 

x 5.0-6.2 H; 2..... 

R-tnste. 3-4.9 8; 9. ."6‘”7“"Io 

R. vulgare. 0-2.9 9. . » ^ 
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Table 4. —Potential number of viable sporidia of Cronartium ribicola per square 
inch of leaf surface after prolonged exposures while dry 


Ribes species 

Hours of 
exposure 

Maximum 
percentage 
of sporidia 
germinat¬ 
ing after 
the ex¬ 
posures 
given in 
the second 
column 

Potential 
production 
of sporidia 
per square 
inch ® 

Number of 
potentially 
viable 
sporidia 
per square 
inch after 
the ex¬ 
posures 
given in 
the second 
[ column 

R, triste -- __-_____- 

9 

12 * 

360, OCO 

43,200 

R. americanum_ 

9^4 

10 

54 

974,280 
1,141,920 
1,305,000 
1,679,484 
2,746,140 
5,480,640 
16,799,400 
16,799,400 

526,111 
353,995 
143,550 
369,486 
878,765 
602,870 
8,231,706 
5,207,814 

R. cynosbati_ 

31 

R. vulgare _-_-_- 

9 

11 

R. glandulosum_ 

10 

22 

R. rotundifoliuin__ 

IIK 2 

10 

32 

R. odoratum_-_ 

11 

R. nigrum___ 

14 

49 

R. nigrum.___-___ 

26 

31 



® From publication by Taylor {56). 


EFFECT OF PROLONGED DRYING UNDER CONTROLLED CONDITIONS ON VIABILITY 

OF SPORIDIA 

As a phase of the investigations of the effect of the relative hiiinidi®^-^'"' 
and temperature of the surrounding air upon sporidia exposed dry, 
experiments were performed in which the relative humidity was 
controlled. This was done by means of sulphuric acid, a method 
long known and used by chemists for removing the water vapor 
from air contained in small chambers. So far as known to the 
writers, this method was applied only rather recently to controlling 
relative humidity of air in which fungus cultures were grown (SO, 
55j 57j 65), Scheibler desiccators of approximately 5,000 c. c. total 
capacity were useS. Four hundred c. c. of sulphuric acid of known 
density was put in the base of each desiccator. This amount of acid 
was used because it presented a maximum surface area for the most 
rapid action on the air, and with such a volume the density of the 
acid would be changed very little by the water taken up from the 
air. Acid known in the trade as C. P., and of a specific gravity of 
1.84, was used in making up the solutions. The acid was diluted 
with crushed ice in a flask embedded in ice and water. Density was 
ascertained with a hydrometer. Curtis (20) gives a graph showing 
the relative humidity which each density of sulphuric acid main¬ 
tained in an inclosure. This graph appeared to be the most complete 
source for such data, his data agreeing within experimental error 
with data from other sources (55), and it was used in preparing the 
acid solutions for these experiments. As soon as the acid solution 
was put in the chamber, the cover was sealed with vaseline and the 
chamber was placed in the above-mentioned cellar, where the tem¬ 
perature was quite uniform. The acid was put in the chambers at 
least 12 hours before the beginning of a test, so that the relative 
humidity of the air could reach equilibrium. Tests were run simul^ 
taneously in five chambers, each at a different relative humidi^/^ 
The covers were fitted with ground glass stoppers, the oipenix^sj0x 
which were large enough for an ordinary glass microscope to 
pass through them easily. A slide bearing sporidia could be inserteoT 
or taken out through these openings in about 10 seconds. This 
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^ Fig. 11.-—The germinatioia of sporicUa < 
Cromrtium ribicola in the desiccators 33- 
hours. The control slides received onl 
the preliminary drying. The flgm 
, above each bar is the number of tests, I 
a few cases there were more exposed slide 
*^lj^an controls* because a single contr< 
?^e sometimes served for two expose 


rfSackportion of bar, germination of the 
poorest slide; shaded portion, germination 
of the average .slide; white portion, 
germination of the best slide. 


brief period allowed but little inter¬ 
change of air, especially as the air sur¬ 
rounding the chambers was of the 
same temperature as that within them. 
Liberal time was allowed for the ex¬ 
periments, so that the relative humid¬ 
ity of the air could become stabilized 
after the opening of the chamber. 
A few experiments ran for 1hours, 
and a few others for hours, but 
most of them ran 33^ hours. In the 
chambers, the slides of sporidia rested 
in a horizontal position upon a loose 
glass plate supported by a perforated 
porcelain plate. The slides were about 
half way, vertically, between the cover 
of the chamber and the surface of the 
acid. After a series of experiments was 
completed, the density of the acid was 
again determined. The temperature in 
the chambers was read without opening 
them, directly from thermometers lying 
on the glass plates beside the slides. 
Fluctuations of the temperature out¬ 
side the chambers were so slight that 
there was practically no variation in the 
chambers during an experiment. 

Eleven experiments were run at vari¬ 
ous times, with different material, and 
with saturation deficits ranging from 
1.0 to 10.9 inm. which represented tem¬ 
peratures ranging from 53° to 70° F. 
and relative humidities ranging from 41 
to 86 per cent. Most of tho sporidia 
were wet by spraying, but a few wore 
wet with the (condensation water re¬ 
sulting from placing the slides on ice* 
Figure 11 shows (mucch condensed) 
the results of all of tho 33^-hour tests. 
Since all factors, except that of satura¬ 
tion deficit at which they were ex¬ 
posed, are constant throughout each 
test, no error results from combining 
the results of both iced and uniced 
slides in the same graph. Figure 11 
shows clearly that the material used 
for the tests at the higher saturation 
deficits happened to be most vigor¬ 
ous originally. This was purely acci¬ 
dental. Figure 12 represents the ratio 
of the average germination of the ex¬ 
posed sporidia to that of their dried 
controls. It shows that the smaller 
saturation deficits gave the higher per- 
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centages of germination, and that there was a decrease of germina¬ 
tion as the saturation deficit increased. Figure 13 shows the dif¬ 
ferences obtained by subtracting the average percentages of germina¬ 
tion of the exposed sporidia from those of their dried controls. The 
two methods of comparison give results that are in essential agree¬ 
ment with each other. Both show clearly that the injury to the 
sporidia from exposure increased with the increase of saturation 
deficit at which they were exposed. 

Figure 14 shows the data for all comparable tests run at the three 
periods of exposure— 13 ^, 33^ and 5% hours—grouped according to 
the saturation deficits at which they were run, viz, 2.0 to 2.9 mm. 






cm 


Q3\ 


Q2\ 


c?/ 


O 0,9 /,9 2.9 9.9 4.9 9.9 6.9 79 6.9 9.9 /0.9 

9/irUMT/ON O^F/C/rS /N M/LUM£r£RS 

Fig. 12.—-The ratio of the average germination percentages of sporidia of Cfonartium ribicola in desiccators, 

Z}i hours to the average germination percentages in the comparable controls. The figure at each point 
represents the weight given that'point in making the 3-point moving average. This weight was obtained 
by averaging the number of control slides and the number of exposed slides, halves being dropped in all 
cases 

Solid line: Ratio between the germination percentages in e.xposed and the control slides. 

Dash line: Weighted 3-point moving average of the same data. 

t 

3.0 to 4.9 mm., and 5.0 to 6.9 mm. The available data are limited, 
but they show quite clearly a general trend of higher germination at 
the smaller saturation defecits, and an earlier falling oft* of germina¬ 
tion at the greatest saturation deficit. Also, increase in length of 
time of exposure tends to decrease germination. The graph for the 
saturation deficit class 3.0 to 4.9 mm. is abnormally irregular, but 
even with it the tendency is downward with increase in time of 
exposure. 

EFFECT OF SUNSHINE ON VIABILITY OF SPORIDIA 

In 1923 nine series of preliminary tests on the eft*ect of direct suiio^ 
shine on the viability of spoiddia were run. In these tests a record^’ 
hygrothermograph was set in the full sunshine. The sporidm yire 
exposed upon the black, perforated, metal plate, located just oyej^ J^e 
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hairs of the instrument and scarcely an inch from them. The 
material used was of low viability, as was all of that used in 1923. 
However, the controls, vrhich had had the usual preliminary drying, 
gave consistently higher germination than did the sporidia which had 
been exposed to the sun for 2 to 12 minutes. Low percentages of 
germination were obtained after such exposure with the saturation 
deficit ranging from 1.0 to 18.0 mm. Sporidia which germinated 
after exposure to sun at a saturation deficit of 8.5 min. produced germ 
tubes 20 fx in length, and secondary sporidia. No undried sporidia 



SATi/RAT/ON DEFJC/TS^/N M/LUMETERS 


Fig. 13.— The differences between the average germination percentages of .sporidia of Gro7iarHtm ribkola 
in desiccators ZH hours and those of the controls which had received only the preliminary drying. The 
figure at each point is the weight given that point in making the 3-point moving average. This weight 
was obtained by averaging the number of control slides and the number of exposed slides, halves being 
dropped in all cases 

Solid line: The differences between the germination percentages in the exposed and the control slides. 
Dash line: Weighted 3-point moving average of the same data. 

were tested in these series, so it is impossible to state how long the 
germ tubes would have been which these sporidia would have pro¬ 
duced prior to their preliminary drying and exposure. 

In 1924 an attempt was made to eliminate the heat of sunlight as an 
injurious factor. In the first attempt it was expected that the heat 
from^ the sun would be great enough to prevent water vapor from con- 
H^fiensing on the slides. The sporidia were exposed to sunlight within 
Eetri dishes lined below with moist filter paper, and set upon a flat 
^^^urface. A film of water condensed immediately on the upper 
of the slides, thus wetting the sporidia. For the six series of 
" thus made, the average of the percentages of germination in the 
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dried controls and that of the sporidia exposed as above decribed 
was practically equai, being 31 and 32 per cent respectively. That is, 
the water film, the glass cover, or the low temperature, prevented any 
injury from the exposure to the sun. Sporidia exposed at the same 
time by placing the slides on a light-colored surface in direct sunlight 
were decidedly injured. This may mean that the heat rays rather 
than the visible rays of sunlight injure sporidia, or that ultra-violet 
rays or some other rays which glass cuts out injure them. In a 
further attempt to eliminate the heat, slides were placed within dry 
Petri dishes seated on a flat ice surface. A film of water condensed 
even then. No sporidial tests were made by this method. Finally, 
one-half of a Petri dish was turned bottom side up on a flat cake of 
ice. Slides were then placed for exposure upon the glass surface, 
which was cooled by the imprisoned coo! air held between the dish 
and the ice. No water film could be detected under these conditions, 
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LENGTH OE EXPOSURE /N HOC/PS 

Fig. 14.—Comparison of the effect of exposure of sporidia of Cronartium rihicola for different periods at dif¬ 
ferent saturation deficits. The figure at each point is the number of tests on which the point is based 
Solid line: Saturation deficits between 2 and 2.9 mm. 

Dot-dash line: Saturation deficits between 3 and 4.9 mm. 

Dash line: Saturation deficits between 5 and 6.9 mm. 

although the slides remained cool to the touch. Most of the heat was 
apparently eliminated without water condensing on the glass. In all 
of these tests, in order to eliminate the cooling from the ice as an 
additional factor influencing the germination of the exposed sporidia, 
some of those exposed without icing were, after exposure, iced for an. 
equal length of time. Figure 15 shows the results for all tests, regard¬ 
less of the length of exposure. All were low in germination, so the 
length of exposure within the periods in these experiments does not 
seem to be significant. The graph for the undried controls shows 
consistent higher germination at a fairly constant level than that 
which occurred in either the dried controls or the exposed slid^. 
The dried controls show a rather high germination as compared-wfch 
the exposed slides, but decidedly lower than the undried courtrdl^ 
The exposed sporidia gave less than 5 per cent germination, but con¬ 
tinued to give this low percentage of germination at all sAtiirAtinn 
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deficits encountered in this series of experiments (5.0 to 22.5 mm.). 
The exposure to the sunlight was practically equally injurious 
through the entire series of experiments, regardless of the length of 
exposure or the saturation deficit at which they were exposed. 

Figure 16 shows the results of certain experiments where exposure 
to sunlight was made for 30 minutes. The sunlight killed nearly all 
of the exposed sporidia, but not all, even at the large saturation 
deficit of 23 to 24 mm. Here again the prcluninary drying as shown 
by the dried controls had a decidedly unfavorable effect on viability, 
as compared with the undried controls. 

Figure 17 shows a comparison of the averages of the various kinds 
of sunshine exposures in three different experiments. In all three 
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Fig. l5.~Effeet of exposure of sporidia of GromriUm rtbicola to direct sunlight at dllVorent saturation def¬ 
icits. The figure above each point is the number of tests on wiiich tlie point was ba.sed 

Solid line: Germination on slides exposed to sunlight. 

Dash line: Germination on comparable control slides which had received only the iiroHininary (irying. 

Dot-dash line: Germination on comparable control slides which had reeolvoil neither the preliminary 
drying nor the subsequent exposure. , 

esiperiments the material was of approximately equal viability, as is 
clearly shown by the germination of the ixnaried contrf:>ls. These 
graphs show (1) that the jireliminary drying decreased viability decid¬ 
edly; (2) that pposure in the sunlight (on ice to eliminate heat) 
injured them still more; (3) that exposure in sunlight to full effect of 
light and heat caused still greater injury; and (4) that icing after 
exposure to sunlight, as in 3, had no perceptible stimulating effect; 
that is, the injury from the sunlight was so great, that icing after 
exposure did not stimulate germination. 

V I'hially, attention should be called to the remarkable persistence of 
^^mbflity in a few of the sporidia which were exposed to the rigorous 
tonmtions of complete and imaltered sunlight. That germination 
really occurred on these slides after they were exposed there can be 
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no doubt. For instance, at a saturation deficit of 9.0 mm. germ 
tubes of a maximum length of 50 ju were produced. Sporidia exposed 
at a saturation deficit of 15 mm. produced germ tubes with a maximum 
length of 30 fx, and also secondary sporidia. Those exposed at a satu¬ 
ration deficit of 19 mm. produced germ tubes up to 40 jx long. And 
after exposure at a saturation deficit of 24 mm. germ tubes 30 /x long 
were formed. The germ tubes of maximum length in the undried 
controls of the same series were of approximately the same length as 
these, or 20 fx shorter. 



S/iTU/^r/ON D£F/C/rS /N M/LL/M£rms 


Fig. 16. —Effect of exposure of sporidia of Cromrtium ribicola to sunlight for 30 minutes at various saturation 
deficits. The figure above each point is the number of tests on which the point was based. The broken 
sections of the lines indicate that the data were fragmentary 
Solid line: Exposed to sunlight. 

Circle solid line: Comparable undried controls. 

Triangle solid line: Comparable dried controls. 

EFFECT OF ICING ON VIABILITY OF SPORIDIA 

During this study much difficulty was experienced in wetting dried 
and exposed slides with a film of water which was thin enough^ to 
give the best germination of the moistened sporidia. Spraying 
with an atomizer did not seem to give a continuous sheet of water 
which was thin enough for the best results under all conditions. 
Finally, upon the suggestion of L. H. Pennington, condensing mois¬ 
ture on the slides by putting them on ice was tried.^ The film of 
condensed moisture could be made heavier by prolonging the period 
of icing, but a perceptible continuous film could be obtained in one 
minute. Since a thin but continuous film of water was very de¬ 
sirable, this method of wetting the slides of dried sporidia was used 
in many of the experiments, in spite of the obvious undesirability 
of introducing an additional variable factor. The use of this method 
led to the incidental accumulation of data on the effect of icing upon 
the viability of the sporidia. In addition to this, some definite 
experiments were run under different conditions to determine wheth‘€is^«“ 
icing really has an invigorating effect on the sporidia after they have 
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been weakened by adverse conditions. Ericksson (25, 26) said that 
precooling seemed to stimulate and increase the germination of rust 
spores, but the present writers (5Ji), in some preliminaiy tests of the 
effect of cooling upon the germination of the toliospores of Gvonaf- 
tium riUcola, found no evidence that precooling per se increased 
their germination. 

For general comparison of the iced and iiniced sporidia the results 
of eight groups of experiments were available. There were 54 pairs 
of slides in which the two were given identical treatments, except 
that one was iced just before germination, while the other was not. 
Twenty-sk of the 54 iced slides produced secondary sporidia, whereas 
only 18 of the 54 uniced ones did so. The mean germination for the 
54 iced slides was 27.2 per cent, and for the 54 uniced slides it was 

17.6. This method of aver¬ 
aging gives excessive weight 
to the pairs of slides with 
better material. 

Another method of com¬ 
paring the effect of cooling 
and noncooling which gives 
equal weight to all the indi¬ 
vidual comparisons is to con¬ 
sider the proportion of the 
comparisons in which the 
germination on the iced slides 
was better than that on the 
uniced ones. Of the 54 com- 
ppable pairs of slides the iced 
slide showed better germina¬ 
tion in 35 pairs, and the un¬ 
iced one in 17, while in 2 
pairs none of the sporidia 
germinated on either slide. 
These last two pairs may be 
considered simply as tests in 
which a decision was pre¬ 
vented. In the 52 cases in 
which there was a difference 
between the iced and the 
uniced slides the most probable result, if the icing had had no effect, 
would have been superiority of the iced slides in half of the compari¬ 
sons and of the uniced ones in the other half. In other words, the 
iced slides should have been expected to be superior in only 26 of the 
cases. The standard error of this expectation, proceeding on the 
assumption that p (the probability of the iced slide being best) 
equals g (the probability of the uniced one being best), and that 
each equals is found by the formula (pXgXn)-'^ (S2), which, in 
is (MX/4,X52)^, or 3.6. The observed results that the 
^^ced slide was better in 35 of the cases differs from the expectation by 
9, two and one-half times the standard error. If p and g are really 
equal as assumed, the odds would have been about 160 to 1 against 
iced slide being superior to the uniced slide in as many as 35 cases. 
^Thet>dds, therefore, on the face of the results, are 160 to 1 that the 
assumption that icing is ineffective is an incorrect one. In other 
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Fig. 17.—Comparison of the germination which fol¬ 
lowed different treatments of sporidia of Cromrtimn 
ribkola in three different experiments 
Dot dash line: First experiment. 

Solid line: Second experiment. 

Dash line: Third experiment. 
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words there is a rather high probability that icing did increase the 
amount of germination. The fact that the uniced slide was superior 
in so many cases would, on this basis, be taken as evidence that the 
effect of icing, while real, was less in magnitude than the variations 
due to fluctuations in sampling the sporidia or to some of the unknown 
and uncontrolled factors which made for variability. 

Conclusions based on the above probability computations must be 
accepted with some reservations. Aside from the assumptions which 
must always be made in any application to biological data of methods 
based on the normal frequency curve, a further difficulty enters in, 
in that the population of comparisons was not a simple population. 
Some of the pairs had been exposed to drying or sunlight for a long 
time, some for a short time, and some not at all. Some were made at 
one time and some at another, some with material from one source 
and some material from another. It is thus entirely possible that 
some slides were affected differently from others; that in some tests 
the icing was beneficial, but that'in slides which had received other 
types of preliminary treatment the icing was without effect or was 
even harmful. In any case, however, it is difficult to avoid the con¬ 
clusion that the icing caused more germination on some slides. 

To get information on whether icing affected both poor-germi¬ 
nating and well-germinating sporidia, the germination in each iced 
slide was averaged with its comparable uniced one. Then the popula¬ 
tion was divided into two groups, one group including the 27 pairs 
with the lowest average germination; and the other the 27 pairs with 
the highest average germination. The former group contained 
17 pairs in which the iced slides germinated better than the uniced 
ones, 8 in which it germinated more poorly, and 2 in which there was 
no germination in either iced or uniced. In the latter group there 
were 18 pairs in which the iced slide germinated better, and 9 in 
which the uniced one germinated better. This indicates that despite 
the absence of true simple sampling, the population of the 52 pairs of 
"slides was qiiite homogeneous, as far as reaction to icing is concerned. 

Three groups of experiments were run to determine the effect of 
different periods of icing—ranging from 1 to 50 minutes in. length— 
upon the germination of sporidia. These data were compared by 
these two methods: direct comparisons of the percentages of germina¬ 
tion, and ranking by decrease in germination. The results in both 
methods are inconclusive. So far as these tests show, after 1 or 2 
minutes there was no perceptible added effect from increasing the 
length of icing. In other words, a short period of icing (1 to 5 min¬ 
utes) apparently has just as much stimulaive effect as a longer one. 

If icing stimulates germination of sporidia, as it sometimes seems 
to do, then sporidia like those which Spaulding (52) found being 
produced on snow would be stimulated to increased germination and 
they probably could cause infections late in the season. There is a 
possibility that the apparent effect from icing was not a temperature 
effect but a moisture effect, since a thinner and more even film of 
water could be deposited by icing than by spraying. 

In working up the above data no attempt was made to separate 
the effect of temperature from that of drying. ^ There is a possi¬ 
bility that the temperature at which the sporidia were dried may 
have had an effect independent of that of drying. This tempera-^ 
ture relation might account in part for the failure of most sporidia 
exposed by York at North Conway to germinate (51). This 
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of the problem should receive further investigation. Dole {^2), 
in studying the effect of air temperature and relative humidity on 
the transpiration of Pinus strains, found that “the products of 
actual losses and vapor pressure may be correlated with tempera¬ 
ture, which means that temperature has an additional influence on 
the phenomenon other than its influence in deterniining the value of 
vapor pressure. This additional influence may be interpreted in 
terms of diffusion.’^ If there were a separate temperature effect on 
the sporidia, it would probably be of the nature of a biochemical 
change in the protoplasm. 

PRODUCTION OF SECONDARY SPORIDIA 

Secondary sporidia are rather commonly produced by the various 
genera of the Uredinales {2, 3, 5, 6, 7, 8, 9, 16, 18, 28, 38, Ifi, 41, 

43). They were known by early workers ijfi) for some species of 
Cronartium, but Colley (18) seems to have been the first to report 
them for Cronartium rihicola in the literature. 

Secondary sporidia were common in the experiments reported 
here (fig. 2), and the writers regarded them as an indication of vigor¬ 
ous sporidial germination. They were formed in small numbers on 
some slides, but usually they occurred in large numbers if at all. 
In a few cases tertiary sporidia were formed (fig. 2). 

Fresh teliospores, as well as those which had been stored for some 
time, produced sporidia which in turn produced secondary sporidia 
when they germinated. Teliospores from Riles rotundijolimn stored 
out of doors in mosquito-netting bags for 21 days; from B. ameri- 
canum stored for 38 days; from R. triste stored for 47 days; from 
R, mlgare stored for 49 days; from R. nigrum stored for 52 days 
and from R. glandylosum stomA. for 55 days, were all able to germinate 
and produce sporidia which were vigorous enough to in turn produce 
secondary sporidia. 

Twenty-six of the iced slides in the 54 comparable pairs of iced 
and uniced slides produced secondary sporidia, whereas only 18 of 
the uniced ones did so. This suggests, but docs not prove, that icing 
may stimulate the production of secondary sporidia. 

Since Reed and Crabill ( 40 ) found that the sporidia of Gymmmpo- 
rangium juniperi-virginianae produced secondary sporidia only when 
they were kept continuously wet from the time of their formation 
until the time of their germination, an attempt was made to ascer¬ 
tain the effect of drying upon the formation of secondary vsporidia 
by Cronartium rilicola. All the strictly comparable pairs of undried 
control slides and slides subjected to preliminary drying were ex¬ 
amined for the production of secondary sporidia. In 64 Such pairs 
only one^ slide produced secondary sporidia. In 43 of the 64 pairs, 
the undried control produced the secondary sporidia, while the dried 
controls of but 21 pairs produced them. The significance of the 
apparent superiority of the undried controls in ability to produce 
* secondary sporidia will be examined by the method employed on 
page 428. Assuming that the drying had no effect, the most likely 
result would be that in 32 of the pam it would be the undried con¬ 
trols which produced secondary sporidia and that in 32 of the pairs 
,,it woqjd be the dri ed controls. The standard deviation of the ex¬ 
pected number is V HX HX64=4. The difference between expected 
and observed results is 43—32, or 11, which is 2^ times its standard 
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error. Then the odds are 330 to 1 that the preliminary drying really 
did decrease the ability^ of the sporidia to form secondary sporidia. 

Besides these 64 pairs, there were 43 pairs in which neither slide 
produced secondary sporidia, and 75 pairs in which both produced 
them. These were cases in which the material was too poor or too 
good to give differential results by the rather crude criterion em¬ 
ployed, so they probably may be disregarded. In other words, 65 
per cent of the undried slides produced secondary sporidia, whereas 
only 53 per cent of the comparable slides which had received the 
preliminary drying did so. 

Long exposure of sporidia in an air-dried condition did not pre¬ 
vent the formation of secondary sporidia; in fact, in 1923 the ex¬ 
posed sporidia produced secondary sporidia just as readily as those 
which received only the preliminary dryings. Some of the sporidia 
from Ribes nigrum which had been alternately wetted and dried 11 
times produced secondary sporidia. For sporidia from each of the 
eight Ribes hosts the maximum exposure in an air-dried condition, 
after which secondary sporidia were produced, were as follows: 
Riihe^ americanum 5 hours; R. cynosbati 10 hours; R. glandulosum 
10 hours; R. nigrum 26 hours; R. odoratum 1 hour; R. rotundi- 
folium 334 hours; R, triste none; and R. vulgare none. Few tests 
were made with the last two species, and it is probable that further 
tests would have shown that exposed sporidia from even these two 
could produce secondary sporidia. If, as Clinton and McCormick 
(li5) suggests, “this formation of a secondary sporidium is probably 
to tide it over unfavorable conditions of infection,” sporidia of (7ro- 
nartium ribicola, which in turn produced secondary sporidia, are 
potentially dangerous to pines for much longer periods than the 
longevity of the primary sporidia would indicate. 

The facts that teliospores which have been stored for a long period 
can produce sporidia which are vigorous enough to produce in turn 
secondary sporidia, and that sporidia exposed dry for some time can 
produce secondary sporidia, lengthen the time during which a given 
generation of sporidia is potentially capable of causing infection. 

SUMMARY 

The present investigation is the first attempt to make a detailed 
physiological study of the sporidia of any species of Cronartium. * 
Such a study was undertaken with (7. ribicola, because it is impossible 
to understand the nature and conditions of pine infection without a 
knowledge of the infecting sporidia. 

The influence of physical factors, particularly drying, upon the 
sporidia from eight Ribes hosts, has been studied. Methods for 
making studies of this type have been developed. ^ 

The time necessary for the production of sporidia increased directly 
with the length of storage of the telial material. Tenaperature also 
influenced the time necessary for spoiidial production. Sporidia 
appear to need water for germination, but the thinnest film is sufficient. 

The viability of wet sporidia was decreased by merely bringing 
them to an air-dried condition and immediately rewetting them. 
The amount of injury increased directly with the increase in the 
saturation deficit of the air in which they were dried. This injury 
was shown in most cases by the reduction in the germination per¬ 
centages rather than in vigor of growth. 
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A few sporidia were able to survive as many as 11 alternate dryings 
and wettings, but their ability to germinate tended to decrease with 
each successive drying. When the atmospheric saturation deficits 
at which the succeWivo dryings occurred were less than 4 mm. the 
injury to the viability of the sporidia was less than when they were 
more than 5 mm. 

In desiccators where the relative humidity of the air was controlled 
by sulphuric acid of known specific gravities;, the viability of the 
sporidia decreased directly with increase in the saturation deficits of 
the air. No injury from acid fumes was detected. 

Sporidia from Riles americanum^ R. cynosbati, R. glandulosum^ R. 
nigrumj R, odgratum., R. rotundifoliu7n, R. triste, and B. tmlgare sur¬ 
vived exposures of nine or more houi-s in an air-dried condition. 
Some air-dried sporidia from R. nigrum survived exposure for 26 
hours (the longest period tested) in air with saturation deficits between 
2.2 and 3.4 mm. The viability of the sporidia tended to decrease 
with increases in the length of exposure and with increases in the 
saturation deficits of the air in which exposure occurred. 

The thin continuous film of water obtained by icing the slides was 
most favorable for the germination of the sporidia. Precooling 
(icing) appeared to somewhat stimulate the germination of sporidia. 
Iced sporidia were less injured by successive dryings than were imiccd 
ones. The length of the period of icing (if not less than one minute) 
appeared to be immaterial. 

Small percentages of the sporidia survived short exposures in full 
sunlight with saturation deficits up to 23.5 mm. 

Si)oridia from all the tested species of Ribes produced secondary 
sporidia. Sporidia which were kept constantly wet appeared to 
produce secondary sporidia somewhat more readily than did the 
sporidia which had been dried. 


LITERATURE CITED 

(1) Barclay, A. 

1887. ON THE LIFE HISTORY OF A NEW iBCIDIUM ON STROBJLANTHES 
DALHousiANUs, CLARKE. Sd. Mem. Mccl. Off. Army India 
1886 (2): 15-27, illus. 


( 2 ) 

(3) 

(4) 

( 5 ) ' 

( 6 ) 
(7)- 


1890. A DESCRIPTIVE LIST OF THE UREDINE.F, OCCUREINO IN THE NEIGH¬ 
BOURHOOD OP SIMLA (WESTERN HIMALAYAS). PT, Ill. Asiatic 

Soc. Bengal Jour. 59 (2); 75-112, illus. 


1890. ON A CHRYSOMYXA ON RHODODENDRON ARBOHEUM, SM. (CHRY- 
soMYXA HiMALENSE, NOV. BP.). Sci. Mcm. Med. Off, Army 
India 1890 (5): 79-85, illus. 


1890. ON THE LIFE HISTORY OP A HIMALAYAN GYMNOSPORANGIUM (G. 

CUNNINGHAMIANUM, NOV. sp.L Sd. Mem. Med. Off. Army 
India 1890 (5): 71-78, i)lus. 


1891. ON THE LIFE HISTORY OP A REMARKABLE UREDINE ON JASMINUM 
GRANDIPLORUM, L. (UROMYCES CUNNINGHAMIANUS, NOV. SP.). 

Linn. Soc. London, Trans., Bot. (2) 3: 141-151, illus. 


1891. ON THE LIFE HISTORY OP PUCCINIA CORONATA, VAR. HIMALENSIS. 
Linn. Soc. London, Trans,, Bot, (2) 3: 227-236, illus. 


. 1891. ON THE LIFE HISTORY OP PUCCINIA JASMINI-CHRYSOPOGONIS, NOV. 
SP. Linn. Soc. London, Trans., Bot. (2) 3: 237-242, illus. 



Sept. 1, 1926 


Viability of Sporidia of Oronartium ribicola 


431 


(8) Bary, a. de 

1863. RECHERCHES SUE LE D]6vEL0PPBMENT DE QUELQUES CHAMPIGNONS 
PARASITES. Ann. Sci. Nat., Bot. (4) 20: 5-148, illus. 


1879. AECIDIUM ABIETINUM. Bot. Ztg. 37: 761-774, 777-789, 801-811, 
825-830, 841-847, illus. 

(10) Blackman, V. H. 

1903. ON THE CONDITIONS OP TELBUTOSPORE GERMINATION AND OF 
SPORIDIA FORMATION IN THE UREDINE.Pi. NoW Phytol. 2: 10-14, 
illus. 


1904. ON THE FERTILIZATION, ALTERNATION OF GENERATIONS, AND GEN¬ 
ERAL, CYTOLOGY OP THE UREDiNE.^. Ann. Bot. [London] 18: 
323-373, illus. 

(12) BuirLER, A. H. B. 

1924. RESEARCHES ON FUNGI. V. 3, illus. Loiidon, New York, [etc.]. 

(13) Carleton, M. a. 

1893, STUDIES IN THE BIOLOGY OP THE URBDINE.^. I. NOTES ON GERMI¬ 
NATION. Bot. Gaz. IS: 447-457, illus. 

(14) - 

1903, CULTURE METHODS WITH UREDINE.E. Jour. Appl. Micros. and 
Lab. Methods 6: 2109-2114. 

(15) CjuTnton, G. P. 

1919. ARTIFICIAL INFECTION OP RIBES SPECIES AND WHITE PINE WITH 
CRONARTiUM RiBiCQLA. Amet. Plant Pest Com. Bui. (1918) 
2: 14-15. (Ed, 2.) 

Q 0 ) -and McCormick, F. A. 

1919, INFECTION experiments OP PINUS STROBUS WITH CRONARTIUM 
RIBICOLA. Conn. State Agr. Expt. Sta. Bui. (1917/18) 214: 
428-459, illus. 

( 17 ) -and McCormick, F. A. 

[1920], ARTIFICIAL INFECTION OP PINES WITH CRONARTIUM RIBICOLA. 
Amer. Plant Pest Com. Bui. G^19) 4: 12. 

(18) Colley, R. H. 

1919. PARASITISM, MORPHOLOGY, AND CYTOLOGY OF CRONARTIUM RIBICOLA. 

Jour. Agr. Research (1918) 15: 619-660, illus. 

(19) Cramer, C. 

1876. UISBER DEN GITTERROST DER BIRNBAUMB UND SFJNE BEKAMPFUNG. 

Schweiz. Landw. Ztschr., Bd. 4, no. 7/8, 22 p. 

(20) Curtis, H. L. 

1915. INSULATING PROPERTIES OP SOLID DIELECTRICS. [U. S.j Dept. 
Com., Bur. Standards, Bui. 11: 359-420 illus. 

(21) Dietel, P. 

1912. UBER die abschleudbrung der sporidien bei den uredineen. 

Mycol. Centbl 1: 355-359. 

(22) DdL|E, E. J. 

1&24. STUDIES ON THE EFFECTS OP AIR TEMPERATURE AND RELATIVE 
HUMIDITY ON THE TRANSPIRATION OF PINUS STROBUS, Vt. Agr. 

Expt. Sta. Bui. 238, 39 p,, illus. 

(23) Doran, W. L. 

1919. THE MINIMUM, OPTIMUM, AND MAXIMUM TEMPERATURES OP SPORE 
GERMINATION IN SOME UREDiNALES. Phytopathology 9; 391-402 
illus. 

(24) - 

1922, EFFECT OF EXTERNAL AND INTERNAL FACTORS ON THE GERMINATION 
OF FUNGOUS spores. Bul. Torrey Bot. Club 49: 313-340, illus. 
<25) , Eriksson, J. 

1895. UEBER DIE FORDERUNG DER PILZSPORENKEIMUNG DURCH kXLTE. 

Centbl. Bakt. [etc.] (II) 1: 557-565, illus. 

(26) - 

1898. A GENERAL REVIEW OP THE PRINCIPAL RESULTS OP SWEDISH RE¬ 
SEARCH INTO GRAIN RUST. Bot, Gaz. 25*. 26-38. 

(27) Farlow, W. G. 

1880. THE GYMNOSPORANGIA OR CEDAR-APPLES OP THE UNITED STATES. 

Boston Soc. Nat. Hist. Anniversary Mem., 38 p., illus. ^ 

(28) Grove, W. B. 

1913. THE BRITISH RUST FUNGI (UREDINALES), THEIR BIOLOGY AND 

CLASSIFICATION. 412 D- ilTiiH 



432 


Journal oj Agricultural Research 


Vol. 33, No. 5 


liAXN, J. 

1903. HANDBOOK OF CLIMATOLOGY. Translated from 2d German ed. by 

R. de C. Ward. 437 p., illus. New York and London. 

Hastings, M. M. 

1909. A COLD-STORAGE EVAPORiMETER. U. S. Dept. Agr., Biir. Anim, 
Indus. Circ. 149, 8 p., illus, 

Heald, F. D., and Studhalter, R. A. 

1915. longevity of pycnospores and ascospores of ENDOTHiA para¬ 
sitica UNDER artificial CONDITIONS. Phytopathology 5: 
35-44, illus. 

Kelley, T. L. 

1923. STATISTICAL METHOD. 390 p., illus. New York. 
Kienitz-Gerloff, F. 

1888. die gonidien von gymnosporangium clavariaeforme. 
Bot. Ztg. 46: 389-393, illus. 

Klebahn, H. 

1904. DIE wiRTSWECHSELNDEN ROSTpiLZE. 447 p., illus. Berlin. 

1905. KULTURVERSUCHE MIT ROSTPILZEN. XII. BERTCHT (l903 UND 

1904 ). Ztschr. Pflanzenkrank. 15: 65-lOS, illus. 

Maire, R. 

1911. LA BIOLOGIE DES UREDINALES (]BTAT ACTUEL DE LA QUESTION). 

Progressus Rei Bot. 4: 109-162. 

Meyer, H. 

1887. UNTBRSUCHUNGEN UBBR DAS SATTIGUNGSDEFICIT. Met. Ztsclir. 
[Berlin] 4: 113-124, illus. 

Plowright, C. B. 

1889. A MONOGRAPH OF THE BRITISH UREDINE.E AND USTILAGINE^. 

347 p., illus. London. 

Rauch, F. 

1895. BEITRAG ZUR KEIMUNG VON UREDINEEN-UND EKYSIPHEEN-SPOREN 

IN VERSCHIEDENEN NAhRMEDIEN. 34 p., illllS. GottillgOU. 
(Inaug. Diss. Erlangen.) 

Reed, H. S., and Crabill, C. H. 

1915. THE cedar rust DISEASE OP APPLES CAUSED BY GYMNOSPORANGIUM 
JUNIPERI-VIRGINIANAB SCHW. Va. Agr. Expt. Sta. Tccjh. Bui. 
9, 106 p., illus. 

Reess, M. 

1869. DIE rostpilzfoemen der deutschen coniferen. Abhandl. 
Naturf. Gesell. Halle 11: 49-118, illus. 

Robinson, W. 

1914. SOME EXPERIMENTS ON THE EFFECT OF EXTERNAL STIMULI ON THE 

sporidia of puccinia malvacearum. (mont.). Ann. Bot. 
[London] 28: 331-340. 

Sappin-Troufpy, P. 

1896. RECHERCHES HISTOLOGIQUES SUR la FAMILLE DES URilDINfflES. 

Botaniste 5: 59-244, illus. 

Schafpnit, E. 

1909. BIOLOGISCHE BEOBACHTUNGEN UBER die KEIMPAIIIGKEIT UND 
KEIMUNG DER UREDO- UND AECIDIENSPOREN DER GETREIDEROSTE. 

Ann. Mycol. 7: 509-523. illus. 

Smithsonian Institution. 

1918. SMITHSONIAN METEOROLOGICAL TABLES. Smithsn. MisC. Oollcct., 

V. 69, no, 1, 261 p., illus. (Ed. 4, revised.) 

Snell, W. H., and Gravatt, A. Rathbun. 

1925. INOCULATION OP PINUS STROBUS TREES WITH SPORIDIA OP CRO- 
NARTIUM ribicola. Pliytopathologv 15: 584-590, illus. 
Spaulding, P. 

1912. NOTES UPON CRONARTIUM RIBICOLA. Science (n. s.) 35: 146-147. 

1913. THE PRESENT STATUS OP THE WHITE-PINE BLISTER RUST. TJ. S. 

Dept. Agr,, Bur. Plant Indus. Circ. 129: 9-20, illus. 

1919. SCIENTIFIC RESEARCH AND FIELD INVESTIGATIONS IN 1918. INVES- 

* TIGATIONS IN THE UNITED STATES DEPARTMENT OP AGRICULTURE. 

Amer, Plant Pest Com. Bui. (1918) 2: 11-13. (Ed. 2.) 



yept. I, 1926 


Viability of Sporidia of Oronartium ribicola 433 

(50) SpatjldinG; P. 

[1920]. SCIENTIFIC EESEARCH IN 1919 CONDUCTED BY THE OFFICE OP IN¬ 
VESTIGATIONS IN FOREST PATHOLOGY. Aiiier. Plant Pest Com. 

BuL (1919) 4: 10-11. 

(51) - 

1922. INVESTIGATIONS OF THE WHITE-PINE BLISTER RUST. TJ. S. Dept, 
Agr. Bui. 957, 100 p., illus. 

(52) - 

1922. VIABILITY OF TELIA OF CRONARTIUM RIBICOLA IN EARLY WINTER. 

Phytopathology 12: 221-224. 

(53) - and Gravatt, A. Rathbun. 

1925. CONDITIONS antecedent to the INFECTION OP WHITE PINES BY 

CRONARTIUM RIBICOLA IN THE NORTHEASTERN UNITED STATES. 

Phytopathology 15: 573-583, illus. 

(54) - and Gravatt, A. Rathbun. 

1926. LONGEVITY OP THE TELIOSPORES AND ACCOMPANYING UREDOSPORES 

OF CRONARTIUM RIBICOLA FISCHER IN 1923. Jour. Agi. Research 
(1925) 31: 901-916, illus. 

(55) Stevens, N. E. 

1916. A METHOD FOR STUDYING THE HUMIDITY RELATIONS OF #UNGI IN 

CULTURE. Phytopathology 6: 428-432. 

(56) Taylor, M. W. 

1922. POTENTIAL SPORIDIA PRODUCTION PER UNIT IN CRONARTIUM RIBI¬ 
COLA. Phytopathology 12: 298-300, illus. 

(57) Thom, C., and Shaw, R. H. 

1915. MOLDINESS IN BUTTER. Jour. Agr. Research 3: 301-310, illus. 

(58) Tubeup, C. VON. 

1917. USER DAS VERHALTNIS DER KIBPERN-PERIDERMIBN ZU CRONAR¬ 

TIUM. Naturw. Ztschr. Forst u. Landw. 15: 268-307, illus. 

(59) Tulasne, L. R. 

1854. SECOND M^MOIRE BUR LES UR^DINJ^ES ET LBS USTILAGINISeS. 
Ann. Sci. Nat., Bot. (4) 2: 77-196, illus. 

(60) Unger, F. 

1833. DIE EXANTHEME DER PPLANZEN UND EINIGE MIT DIESEN VER- 
WANDTE KRANKHEITBN DER GEWXCHSE PATHOGENETISCH UND 
NosoGRAPHiscH. 422 p., illus. Wieii. 

(61) Ward, H. M, 

1902. ON the RELATIONS BETWEEN HOST AND PARASITE IN THE BROMES 

AND THEIR BROWN RUST, PUCCINIA DISPERSA (ERIKSS.) . Ann. 

Bot. [London] 16: 233-315, illus. 

(62) - 

1903. FURTHER OBSERVATIONS ON THE BROWN RUST OP THE BROMES, 

PUCCINIA DISPERSA (eRIKSS.) AND ITS ADAPTIVE PARASITISM. 

Ann. Mycol. 1: 132-151. 

(63) York, H. H., and Snell, W. H. 

1922. EXPERIMENTS IN THE INFECTION OF PINUS STROBUS WITH CORNAR- 
TiuM RIBICOLA, (a PRELIMINARY STATEMENT). Phytopath¬ 
ology 12: 148-150. 

(64) Zalewski, a. 

1883. UEBER SPORENABSCHNtiRUNG UND SPORBNABPALLEN BBI DEN 
piLZEN. Flora 66: 228-234, 249-271. 

(65) Zeller, S. M. 

1920. HUMIDITY IN RELATION TO MOISTURE IMBIBITION BY WOOD AND 
TO SPORE GERMINATION ON WOOD. Ann. MissouH Bot. Gard. 
7; 51-74, illus. 





BIOLOGY OF THE SAW-TOOTHED GRAIN BEETLE 
ORYZAEPHILUS SURINAMENSIS LINNS' 


By E. A. Back, Entomologist in Charge, and R. T. Cotton, Bnfomologisf, 

Stored-Product Insect Investigations, Bureau of Entomology, United States 

Department of Agriculture 

INTRODUCTION 

The saw-toothed grain beetle, OryzaepTiilus surinamensis Linne, 
one of the best known of the insects that attack stored foods, is cosmo¬ 
politan in distribution and is likely to be found in almost any stored 
food of vegetable origin. Although it has been known to scientists 
for more than 150 years, the statement by Chittenden (^, pp, 16-17y 
that ^Muring the wannest summer months the life cycle requires but 
24 days; in early spring, from 6 to 10 weeks” is practically the extent 
of the information that the present writers have been able to find in 
the literature on the biology of this important pest. 

HISTORICAL 

Naturalists probably were familiar with this beetle long before its 
description by Linn4 in 17^7 (25). Redi (29, Table XVII)im 1671, 
mentioned and figured an insect which resembles Oryzaephilus 
surinamensis, and which Wheeler (86) considers to be this or a closely 
allied species. Linnd received specimens of this insect from Surinam 
(Dutch Guiana) and for.that reason gave it the specific name surina¬ 
mensis. Comparatively little seems to have been written by the 
early scientists on the biology of this insect. Westwood (35, 'p. 153) 
reported ia 1839 that he had discovered it in sugar, and stated in 
1848 that he had observed both larvae and adults floating in tea or 
coffee sweetened with infested sugar. 

In 1846 there appeared in the Cultivator (32) an account of the 
experiments of a Mr. Rich of Shoreham, Vt., against an insect that 
was infesting his mill. He found that fumigating with brimstone 
smoke and tobacco smoke had little effect, but that the liberal appli¬ 
cation of boiling water and whitewash destroyed the insects. Accord¬ 
ing to Gavit (17, pp. 661-662) the insect was the saw-toothed grain 
beetle, and a short account of it by him, with illustrations of the 
different stages, was published in 1849. 

The same year Blisson (5) gave a detailed description of the 
immature stages, with brief notes on the habits and transformations 
of the insect. In 1853 Perris gave a brief account of the habits of 
the larva (28, pp. 628-631). Washburn (33) conducted a large series 
of experiments with this insect, and in 1890 he reported his results, 
with recommendations for control. vChittenden, in 1896, gave brief 
notes on the habits of the beetle (8, pp. 16-17; 9, pp. 121-122). • He 
found that the. life cycle required from 6 to 10 weeks in early spring, 
and about 24 days in midsummer in the vicinity of Washington, 
D. C. Dean (10, pp. 202 - 204 ) obtained similar results in Kansas, 
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stating that the pupal stage required from 6 to 12 days and that in 
Kansas there were from four to six generations annually. 

SYNONYMY 

Linne, whose description of the insect in 1767 seems to be the 
earliest in the literature, named it Dermestes surinamensis p, 565). 
Its cosmopolitan distribution and varied food habits attracted the 
attention of many scientists, and in the next few years after Linne’s 
account it was redescribed under several different names. Fabricius 
(I 4 , p. 62), in 1775, described it as Anohiumfrumentarium. De Geer 
(18, p. 54) the same year placed it in another genus, referring to it as 
Teneirio surinwmensis. Olivier (26, no. 18, p. 10), in 1790, referred 
to it as Ips frumentaria; and Fabricius (15, pt. 2, p. 406), in 1792, 
placed it in still another genus, referring to it as Oolydiwn frumen- 
tarium and giving as synonyms all of the aforementioned names. In 
the same year (1792) Fabricius described the same species under the 
names Dermestes sexdentatus (15, pt. 1, p. 2S2) and Scarites cursor (15, 
pt. 1, p. 96). Kugelann in 1794 (24, P- 566) referred to it as Lyctus 
sexdentatus, Paykull in 1800 as Golydium sexdentaturn (27, p. SIS), 
and GyUenhal in 1813 (21, p. 4O6) as Sihanus sexdentatus. In 1830 
Stesphens (SO, p. IO4) followed GyUenhal in placing the species in 
the genus Silvanus but used the specific name surinmnensis, and 
from that time until very recently it has been known to economic 
entomologists as Silvanus surinamensis. Ganglbauer in 1899 (16,^ 
pp. 58S-684) revised the old genus Silvanus and placed the speciesj 
surinarnensis in the new subgenus Oiyzaephilus. This revision hasi 
been accepted by most entomologists, and the saw-toothed grain 
beetle is now known as OryzaepJhilus surinamensis. 

Oryzaephilus surinamensis Linn4: 

Dermestes surinamensis Linn4, 1767, Syst. Nat. ed. 12, 1 (2): 565. 

Tenebrio surinamensis De Geer, 1776, M4m. Ins., 5 : 54, pi. 13, fig. 12. 

Anobium frumeniarium Fabricius, 1775, Syst. Ent. 1 : 62. 

Ips frumentaria Olivier, 1790, Ins. 2 (18):10, pL 2, fig. 13. 

Colydium frumeniarium Fabricius, 1792, Ent. Syst. 1 (2): 496, 

Dermestes sexdentatus Fabricius, 1792, Ent. Syst, 1: 232. 

Scarites cursor Fabricius, 1792, Ent. Syst. 1: 96. 

Lyctus sexdentatus Kugelann, 1794, Schneid. Mag. 1: 566. 

Colydium sexdentaturn Paykull, 1800, Faun. Succ. 3: 313. 

Silvanus sexdentatus GyUenhal, 1813, Ins. Suec. 1 (3): 406. 

Silvanus surinamensis Stephens, 1830, Ill. Brit. Ent. Mandibulata 3: 104, 

Oryzaephilus surinamensis Ganglbauer, 1899, Kfifer 3 (2): 584. 

LOSSES 

Losses caused by the saw-toothed grain beetle are often consider¬ 
able. Dried fruit (fig.l) stored for considerable periods before packing 
invariably becomes infested, and in addition to a direct loss in actual 
destruction of fruit an expense is incurred in eliminating the insect 
in the process of pref)aring the fruit for packing. 

The damage done by the beetle to stored seeds is often consider¬ 
able, although its attack usually follows that of other insects such 
as the rice weevil. Adults confined with only sound wheat invariably 
die from starvation. Yet the saw-toothed grain beetle, often called 
the ^^bran bug^ by grain dealers, has sometimes proved to be the 
^ chief ©Sender in grain shipments, particularly to grain held in and 
shipped from the Northwest. 
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The presence of the saw-toothed grain beetle in foodstuffs, par¬ 
ticularly in cereal products such as flour, meal, and breakfast foods, 
causes loss by rendering the food unsalable or unpalatable. The 
beetle’s flattish form allows it to penetrate apparently tightly wrapped 


Fig. 1.—a and B, dried pears damaged by Oryzaephiliis surinamensis; 0 , a normal dried pear 

packages. The writers visited one grocery store that was overrun 
with this beetle and found that it had penetrated, with few-excep¬ 
tions, every box of crackers, breakfast cereals, and other packaged 
foods in the store. The presence of the beetles in so many com- 
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modities resulted in a rapid falling off of 50 per cent of tl^ daily 
sales, and finally in a complete suspension of operations, ihe in¬ 
festation in this case came from a barrel of scratch leed stored in a 
back room. The beetles multiplied so rapidly that they migrated 
to all parts of the store. This migratory habit was observed by 
Taschenberg {SI, jpp. 19-20) nearly 50 years ago. According to his 
account, the beetles became so numerous in a brewery that on warm 

days they invaded the 
neighboring houses, even 
crawling into the beds and 
nipping the occupants at 
night. A correspondent 
reported in 1922 from Se¬ 
attle, Wash., that adults 
migrated in hordes from a 
feed store adjoining the 
residence and so overran 
the pantry and living 
rooms that nothing but 
the coming of cold weather 
ended the difficulty. 

BIOLOGY 

In the vicinity of Wash¬ 
ington, D. C., the insect 
passes the winter in the 
adult stage, breeding nor¬ 
mally ceasing late in the 
fall and commencing again 
in the spring. In heated 
buildings, if the relative 
humidity is not too low, 
breeding will continue at 
a slow rate thi'oughout 
the winter. Most heated 
buildings, however, are so 
dry that little or no breed¬ 
ing takes place, although 
the adults remain active 
throughout the winter. 
Beetles kept during the 
winter in an incubator, in which the relative humidity was high, 
bred more or less freely. In tropical climates breeding undoubtedly 
continues throughout the year. 

THE ADULT 

The adult is a very active,^ slender, flattish, brown beetle, about 
one-tenth of an inch long (fig. 2). It has well developed wings, 
but rarely if ever flies. The posterior femora of the males, as Guille- 
beau {20, p. 220) has pointed out, are each armed with a tooth, which 
^ ^ excellent character for distinguishing the males from 
fee females, the femora of which are unarmed. The adult is nearly 
omnivorous, and many entomologists have published accounts of its 



Pro. 2.—OTyzaephilus surinamemis: Pomak’! ovipositing on 
kernel of wheat. Note extended ovipositor and three 
eggs already deposited. All greatly enlarged 
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food habits. In this connection, Wheeler* {86) very aptly states, 
“It is cosmopolitan and gregarious; living in nearly all stored human 
foods of vegetable origin; cereals (rice, wheat, maize, barley, etc.), 
ground or unground or in the form of paste (macaroni), bread etc.; 
dried fruits, nuts, copra; more rarely in sugar, starch, drugs, tobacco, 
snuff, or dried meats.” 

LONGEVITY 

The beetle is rather long-lived. One specimen reared in the labo¬ 
ratory lived for 3 years and 3 months. This specimen was a male 
that transformed July 6,1921. It was placed with a female for breed¬ 
ing records, but the female died shortly thereafter and the male was 
kept segregated for the rest of its life. Several other males reared in 
the laboratory lived for more than 2 years. Of the females reared in 
the laboratory, a majority of them lived for from 6 to 10 months, a 
few lived longer than 1 year, but only one lived for more than 2 years. 
This last-mentioned individual lived for 2 years and 8 months. All 
of these females were mated and they laid a considerable number of 
eggs. Data on the longevity of 10 females are given in Table 1. 

Table ,!.— Data on the oviposition and longevity of 10 females of Oryzaephilus 
surinamensisj at Washington^ D. C. 


No. 

Date 

emerged 

I 

Date 
first egg 
was laid 

Length 
of preovi- 
position 
period ! 

Date 
last egg 
was laid 

Length 
of ovi¬ 
position 
period 

1 

Number 
of eggs 
laid 

1 

: Date of death 

Length 
of life 

1. 

1921 

Aug. 31 

1922 

Mar. 26 

Days 

207 

1922 

June 26 

Days 

92 

226 

July 1,1922 

Days 

304 

2. 

Oct. 8 

Apr. 2 

176 

Aug. 11 

131 

117 1 

Aug. 14,1922 
Aug. 2,1922 

310 

3. 

Nov. 3 

Apr. 1 

149 

June 17 

77 

167 

! 272 

4. 

Nov. 7 

...do. 

145 

Aug. 24 

145 

239 

Jan. 17,1923 

1 436 

5. 

..,do. 

Mar. 18 

131 i 

Aug. 7 
July 19 

142 
117 ‘ 

103 i 

Nov. 17,1922 

, 375 

6. 

Dec. 21 

Mar. 24 

93 

96 ; 

July 28,1922 

219 

7. 

1922 

Feb. 12 

...do. 

40 

Aug. 14 
-_.do---- 

143 

285 

Dec. 15,1923 i 

671 

8... 

Feb. 15 

Mar. 22 

35 

145 

216 

Oct, 8,1924 i 

966 

9. 

Mar. 20 

Apr, 2 

13 

July 18 

107 

46 

Aug. 7,1922 

140 

10. 

May 30 

June 7 

8 

Aug. 28 

82 

235 

Aug. 20,1923 ‘ 

447 


OVIPOSITION 

The eggs are laid singly or in small clusters, and are usually tucked 
away out of sight in some crevice in the food supply selected or 
laid loosely in finely ground foods such as flour or meaf. In obtain¬ 
ing eTgg-laying records in the laboratory, split kernels of corn were 
furnished as food and as repositories for eggs. When only one or 
two pieces of com were supplied it was an easy matter to obtain the 
daily egg record. 

Oviposition was repeatedly observed. In one typical instance the 
female maneuvered around a broken kernel of corn, feeling here and 
there with her ovipositor, apparently seeking a crevice in which to 
deposit her egg. After several minutes, during which she explored 
all of the kernel, she finally settled on a small crevice in the germ 
part, and into this crevice she thrust her ovipositor and remained 
thus for three minutes. Examination later showed the egg ^neatly 
tucked away in the crevice. 
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PBEOVIPOSITION PERIOD 

Individuals begin depositing eggs as soon as 5 to 7 days after emer¬ 
gence. Oviposition was repeatedly observed to have occurred tliis 
soon after emergence during hot midsummer weather, when large 
numbers of eggs were being obtained. The length of the preovi- 
position periods of 10 females are given in Table 1. The length 
varies greatly with the season of the year, and in these cases in 
Table 1 it ranged from 8 days as a minimum to 207 days as a maxi¬ 
mum. Beetles emerging in the fall at Washington, D. C., rarely 
oviposit before the following April; females emerging in the spring 
at "Washington normally have a preoviposition period of from 10 to 
14 days, depending upon the prevailing temperature. 

LENGTH OP OVIPOSITION PERIOD 

As indicated by the data of Table 1, the oviposition period is 
quite long, ranging from about two to five months. The two longest 
periods were each of 145 days’ duration—^from March 22 to August 14 
in one case, and from April 1 to August 24 in the other. 

RATE OF OVIPOSITION AND TOTAL NUMBER OF EGGS DEPOSITED 

The number of eggs normally produced on the days when ovi¬ 
position took place was from 1 to 4, as indicated by the data of 
Table 2. Occasionally as many as 6 or 8 eggs were laid by a single 
female in 24 hours. The total number of eggs laid by individuals 
ranged from 45 to 285 (Tables 1 and 2). 

THE EGG 

The egg is white, shiny, and elongate-oval in form. In length 
it measures 0.83 mm. to 0.88 mm. and in width 0.25 mm. (fig. 3, A), 
The young embryo when fully developed nearly fills the eggshell, 
which becomes wrinkled and undulates with the movements of the 
embryo. When ready to break from the shell, the embryo sets in 
motion a series of undulations from caudad forward, the head and 
prothorax seeming to swell up at the end of each undulation, stretch¬ 
ing the shell of the egg to the bursting point. Finally the shell 
breaks at the head and the undulating movements carry the young 
larva gradually clear of it. 






»rKK 


Fig. 3.—A/eggs of Oryzaephilus surimmcnsis, X 16 (photographed on No. 10 XX flour bolting 
cloth) ;B, white cocoons, greatly enlarged, formed by the larval parasite Neoscl&roderim tarsaJU 
(Ashm.) 
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Table 2.—Daily oviposition records of 10 female of Oryzaephilus surinamensis 


Date 


Number of eggs laid by individual No.- 

- 


t 

2 

3 

4 

5 

<} 

7 

8 

9 

10 

JS22 






0 

0 

0 



Mar. 18.-. 

0 

0 

0 

0 

1 

0 

0 

19 ... 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

20.-. 

0 

0 

0 

0 

2 

0 

0 
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0 
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0 

0 
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0 
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0 

22—.-. 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

24.-.-. 

0 

0 

0 
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1 

i 

1 

1 

0 
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26... 

1 

0 

0 

0 

1 

2 

1 

2 
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0 

27.-.-. 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

2S__ .-.-.-. 

1 

0 

0 

0 

1 

2 

1 

1 

0 

0 

29 .. . 

0 

0 

0 

0 

1 

2 

1 

2 

0 

0 

30... 

2 

0 

0 

0 

1 

0 

1 

2 

0 

0 

31 .- . - . 

2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

Apr. 1--. 

1 

0 

1 

1 

2 

0 

2 

2 

0 

0 

2 

1 

1 

1 

0 i 

2 

1 

1 

2 

1 

0 

3. 

2 

0 

2 

2 

1 

0 

1 

0 

0 

0 

4 ___- . 

2 

1 

0 

2 

2 

2 

2 

2 

1 

0 

5 . . 

2 

2 

0 

2 

1 

0 

2 

0 

0 

0 

6 .-. 

2 

2 

2 

2 

2 

2 

1 

1 

0 

0 

7 . 

2 

2 

2 

2 

2 

1 

2 1 

1 

1 

0 

8 . 

3 

> 

1 

J 

1 



0 

0 

0 

9 . 

2 

0 

2 

1 

2 

0 

2 

0 

0 

0 

10 . 

3 

1 

3 

2 

3 

2 

2 

2 

1 

0 

11 . 

2 

2 

2 

1 

t 2 

1 

2 
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0 

12 .-. 

2 

2 

1 

2 

2 

0 

2 

0 

1 
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13 . 

3 

2 

2 

2 

2 

1 

1 

0 
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14 . 

4 

2 

2 

1 

2 

i 

3 

1 

0 

0 

15 . 

3 

0 

2 

2 

0 

0 

0 

0 

0 

0 
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1 

0 

2 

2 

0 

1 
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1 

0 
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1 
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2 
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0 
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Table 2 . —Daily oviposition records of 10 females of Oryzaephilus surinamensis — 
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Table 2 . — 'Daily oviposition tecords of 10 females of Ovyzaephilus suT’inamensis 

Continued 


Number of eggs laid by individual No.— 


Date 

1 

2 

3 

4 

5 

6 

7 

8 

U 

10 

July 2S___ 

0 

0 

0 

1 

1 

0 

0 

2 

0 

3 

29. 

0 

0 

0 

0 

0 

0 

0 

(} 

0 

5 

30... 

0 

0 

0 

0 

1 

0 

0 

1 

0 

T) 

31. 

0 

0 

0 

1 

0 

0 

0 

0 

0 

5 

Aug. 1. 

. 0 

0 

0 

0 

1 

0 

1 

2 

0 

4 

2. 

0 

0 

0 

0 

1 

0 

0 

0 

0 

4 

3. 

0 

3 

0 

0 

1 

0 

0 

2 

0 

4 

4. 

0 

2 

0 

0 

1 

0 

0 

1 

0 

5 

5. 

0 

2 

0 

0 

1 

0 

0 

0 

0 

3 

6. 

0 

2 

0 

0 

1 

0 

1 

3 

0 

4 


0 

2 

0 

0 

1 

0 

1 

2 

0 

3 

8. 

0 

3 

0 

0 

0 

0 

0 

1 

0 

4 

9.-.- 

0 

3 

0 

0 

0 

0 

1 

0 

0 

4 

10. 

0 

1 

0 

0 

0 

0 

2 

0 

0 

2 

11.-. 

0 

1 

0 

0 

0 

0 

1 

1 

0 

3 

12. 

0 

0 

0 

0 

0 

0 

0 

4 

0 

1 


0 

0 

0 

0 1 

0 

0 

1 

0 

0 

1 

14.1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

15. 

^ 0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

16. 

0 

^ 0 

0 

0 

0 

0 

0 

1 

0 

2 

17. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 / 18. 

-.0 

' 0 

i 0 

V 0 

' 0 

- 0 

. 0 

' 0 

. 0 

. 4 

19. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

20. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

21. 

0 

0 

0 

1 0 

0 

0 

0 

0 

1 0 

2 

22. 

0 

0 

0 

0 

0 

0 

0 

0 

1 0 

3 

23. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

24. 

0 

0 

0 

1 

0 

0 

1 0 

0 

0 

3 

25. 

0 

0 

0 

0 

0 

0 

0 

0 

0 


26. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

27... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

28. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

Total. 

226 

117 

167 

239 

103 

96 

285 

i 216 

45 

236 


Length op Egg Stage 


The length of the egg stage varies with the temperature, as is 
indicated by the data of Table 3. In midsummer, with the mean 
average temperatures ranging from about 80° to 85° F., the eggs 
hatch in from 3 to 5 days after deposition. In cool spring and fall 
weather, with the mean average temperatures ranging from 73° to 
68 °, the eggs hatch in from 8 to 17 days. 


Table 3 . —Incubation period of egg of Oryzaephilm surinammsis 


i 

No. 

Date egg 
was 
laid 

Date egg 
was 

hatched 

Incuba¬ 

tion 

period 

Moan 
average 
tempera¬ 
ture for 
period 

No. 

Date, egg 
was 
laid 

Date egg 
was 

hatched 

Ineiiba- i 
tion 
period 

Mean 
averagt^ 
temptira-’ 
ture for 
period 


1921 

1921 

Days 



1921 

1921 

Days 


1. 

July 20 

July 24 

4 , 

82 

16. 

Oct. 20 

Nov. 3 

13 

70 

2. 

July 21 

July 25 

4 

82 

17. 

Oct. 24 

Nov. 4 

11 

70 

3. 

July 22 

...do. 

3 

82 

18. 

Nov. 10 

Nov. 22 

12 

68 

4. 

July 23 i 

July 26 1 

3 

83 

19. 

Nov. 13 

Nov. 26 

13 

68 

5.. 

July 24 

July 27 i 

3 

85 

20. 

Nov. 18 

Nov. 30 

12 

69 

6. 

Aug. 1 

Aug, 5 

4 

80 

21. 

Nov. 23 

Dec. 6 

13 

68 

7. 

Aug. 2 

Aug, 7 

5 

80 






8. 

Aug. 3 

Aug. 8 

5 

80 


1923 

1923 



9. 

Sept. 12 

Sept. 17 

1 5 

79 

22. 

Mar. 1 

Mar. 14 

13 

71 

10. 

Sept. 25 

Oct. 3 

! S 

73 

23. 

.--do_ 

Alar. 16 

16 

71 






24. 

Mar. 6 

Mar. 22 

17 

70 

11. 

..,,do_ 

Oct. 5 

10 

72 

25 

dn 

Tvyr<iT* oi 

1A 


12. 

Sept. 29 

-Oct. 9 

10 

70 

26. 

Mar.' r 

ivim > loi 
Mar. 23 

ID 

16 

/u 

70 

13. 

^-.do. 

Oet. 11 

12 

70 






14. 

Oct. 2 

Oct. 14 

12 

m 






16. 

Oet. 15 

1 

Oct, 27 

12 

70 

































































Fig. i,—OryzatpMlus surinamensis: A, Five well-grown larvae on small seedless raisins: B* three 
pupae on seedless raisins. All greatly enlarged 
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THE LARVA 

The larva is white when first hatched, and its movements are slow 
and uncertain. It soon gains strength and becomes^active, however, 
and begins to attack the available food. Its body acquires a pale 
vellowish color, with darker bands on the dorsal surface of the thoracic 
and abdominal segments. Numerous long hams adorn these seg¬ 
ments. The head capsule is a pale yellowish brown. When first 
hatched the larva is about 0.80 to 0.90 mm. in length, and the width 
of the head capsule is 0.24 mm. When fully grown the larva attains 
a length of from 2.5 to 2.8 mm., and the width of the head capsule is 
from 0.46 mm. to 0.54 mm.® (Fig. 4.) 

The larva thrives on practically all foodstuffs of vegetable origin, 
such as corn, wheat, barley, and rice, both ground and unground, 
and in all their varied forms, such as flour, meal, and breakfast foods; 
dried foods, nut meats, copra, etc. It is free-living and active, and 
does not always confine its feeding to one spot, but nibbles here and 
there as fancy dictates. It is apparently unable to feed on whole 
grain unless the grain is quite soft. It is therefore frequently 
associated with other insects, such as the rice weevil, which bore 
into whole grain and thus afford entry to the weaker species. 

Length op Larval Stage 

The length of the larval stage as determined at Washington, 
D. C., varied considerably, and was affected chiefly by the tempera¬ 
ture. Data bearing on larval life will be found in Table 4. During 
the spring the period from hatching to pupation ranged from about 
4 to 7 weeks, whereas in midsummer this period was about 2 weeks, 
12 days being the shortest larval period recorded. With the ap¬ 
proach of cooler weather in the fall, the period again lengthened 
until during the winter months, when the laboratory was heated 
only during the day, the period was about 8 to 10 weeks. 

The number of molts varied (Table 4.) A majority of the larvae 
observed molted three times, a few molted four times, and quite a 
number molted but twice. Those individuals that molted four 
times were all reared during the fall and winter, when development 
was slow and the larval period quite long. 

3 A technical description of the typical silvanid larva hfis been given by Bdving {B, pp, Wt-WS). 



Table 4 . — Life-history data on SO individuals of Oryzaephilus surinamensis 
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THE PUPA 

When the larva completes its growth it usually constructs a rude 
pupal cell or cocoon with particles of seeds or other foodstuffs, fasten¬ 
ing them together with an oral secretion." At other times no pupal 
cell is made. In both cases the larva attaches itself by the anal end 
to some solid object. After a short prepupal period, during which 
time it is more or less quiescent, it transforms to the pupal form. 
(Fig. 3, B.) The pupa remains attached by its caudal end to the 
cast larval skin. Blisson (S) described this transformation in 1849. 

For the individuals in Table 4 the prepupal period ranged from 
1 to 7 days, and the pupal period from 6 to 21 days. (Table 5.) 

Table 5 . —Effect of temperaiure on the length of the pupal stage of Oryzaephilus 
surinamensiSi as indicated by SO individuals 


No. 

Date 

pupated 

Date 

adult 

emerged 

Length 
of pupal 
stage 

Mean 
average 
tempera¬ 
ture for 
period 

No. 

Date 
pupated : 

Date 

adult 

emerged 

Length 
of pupal 
stage 

Mean 
average 
tempera¬ 
ture for 
period 


1921 

1921 

Days 

°F. 


1921 

1922 

Days 

°F. 

1. 

July 31 

Aug. 7 

7 ' 

81 

16--. 

Dec. 26 

Jan. 16 

21 

08 

2. 

Aug. 7 

Aug. 13 

6 

77 

17. 

Dec. 29 

Jan. 17 

19 

68 

3. 

Aug. 8 

Aug. 16 

8 

76 


1923 

1923 



4... 

Aug. 10 

Aug. 19 

g 

70.5 

18.1 

Apr. 23 

May 8 

15 

72 

5. 

Aug, 12 

. .do. 

7 

77 

19.! 

Apr. 25 

May 9 

14 

72 





20. 

Apr. 27 

May 13 

16 

72 

6. 

Aug. 13 

Aug. 20 

7 

78 






7. 

l...do. 

Aug. 19 

6 

78 

21. 

Apr. 28 

May 14 

16 

72 

8. 

Aug. 16 

Aug. 22 

6 

78 

22.1 

May 1 

May 16 

15 

73 

{). 

Aug. 19 

Aug.' 27 

B 

70 

23.j 

May 5 

May 17 

12 

73 

10. 

Oet. 12 

Oct. 25 

■ 13 

71 

24. 

May 8 

May 20 

12 

73 






25.> 

May 18 

May 28 

10 

75 

11. 

Oct. 20 

Nov. 2 

i 13 

70 






12. 

Nov. 30 

Dec. 17 

17 

66 

26. 

May 22 

May 31 

9 

77 

13. 

Dec. 1 

Dec. 20 

19 

69 

27--._ 

...do. 

June 2 

11 

77 

14. 

Dec. 3 

Dec. 21 

‘ 18 

69 

28. 

May 23 

_do_ 

10 

77 



1922 



29. 

May 26 

June 3 

8 

80 

15... 

Dec. 14 

Jan. 2 

19 

69 

30. 

...do. 

—do. 

i 

8 

80 


LENGTH OF LIFE CYCLE 

The effect of temperature on the length of time required for the 
individual to pass through the egg, larval, and pupal stages is indi¬ 
cated by the following data derived from Table 4. In warm summer 
weather, when the mean average temperature for the period of develop¬ 
ment was 81° F., three individuals required 22,24, and 27 days to pass 
through the egg, larval, and pupal stages. When the mean average 
temperature was 80° five other individuals required 23, 25, 25, 25, 
and 32 days. In the spring, when the mean average temperature 
was 70°, five other individuals required 68, 73, 76, 74, and 69 days. 
The longest period noted was 108 days (No. 16, Table 4), the mean 
average temperature for the period (September 30 to January 16) 
being 69°. Four other specimens required 83, 83, 94, and 97 days, 
at the same temperature. With the life of the adult ranging from a 
few days to 3 years and 3 months, the length of one generation varies 
greatly. Inasmuch as the preoviposition period has been found to 
rmge from 5 to 207 days and the period from egg to adult from 22 to 
-- IQS days, it seems safe to state that the cycle from egg to egg may 
ramgO from 27 to 315 days. In the vicinity of Washington, D. C., 
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there are normally from four to five generations a year, when one 
considers a generation as covering the period from the time of hatching 
to the laying of the first eggs by the emerging adult. In subtropical 
and tropical climates the breeding is undoubtedly continuous. 

PARASITES 

As far as the writers are aware, the only parasite of the saw¬ 
toothed grain beetle is a hymenopteran described by Ashmead 
{1, ‘p. 4^) as Aieleopterus farsalis from specimens reared from larvae 
of Oryzaephilus surinamensis infesting raisins. He stated that adults 
had been reared in Indiana from 0, surinamensis infesting grain. 
Washburn {34^ p.^05) and Brues (7, p. 610) refer to this parasite as 
Neoscleroderma tarsalis (Ashm.) ih their accounts of the Hymenoptera 
of Minnesota and Connecticut, respectively, but neither gives 
further information. The writers have reared this parasite from 
larvae of 0. surinamensis infesting raisins at Washington, D. C., 
and in 1922 they received specimens reared m Texas by T. Kemy. 
The cocoons spun by the larvae of the parasite are illustrated in 
Figmc 2, B. It is doubtful whether this parasite is of practical 
value, except, perhaps, in the case of natural control, when its host is 
infesting grain and stock feeds held in storage for unusually long 
periods. 

CONTROL MEASURES 

A study with the object of devising control measures for the saw¬ 
toothed grain beetle is in progress, and it may be well to report some 
of the findings here. 

Starvation. —^The beetles are not very resistant to starvation; 
adults kept without food in midsummer were all dead within five days. 

High and low temperatures. —The insect is fairly resistant to 
low temperatures in all stages except the egg stage. De Ong {12, p. 
446; 13, p. 74) stated that a three months^ exposure at 10^ to 36° F. 
would kfil the larvae, pupae, and adults. The writers found that 
a small percentage of adults and larvae survived an exposure for 
a period of three weeks within a temperature range of 30° to 35° F. 
Exposure within a temperature range of 20° to 25° killed all stages in 
one week, and exposure to 0° to 5° killed all stages in one day. 

All stages succumb readily to heat. Goodwin {19) found that 
a temperature of 111° to 113° F. was fatal to larvae, pupae, and 
adults, although he did not state what length of exposure was neces¬ 
sary, Dean {10, p, 163) has reported that no grain pest (including 
the saw-toothed grain beetle) can withstand a temperature of from 
118° to 122° for any considerable length of time. The writers found 
that exposure for one hour to 125° was fatal to all stages. 

Fumigants. —^Hinds {23, pp, 20-21) found that the saw-toothed 
grain beetle lived for about two hours in an atmosphere saturated with 
carbon disulphide at a temperature of 90° F. The writers {2) have 
indicated that the ethyl acetate-carbon tetrachloride mixture can be 
used successfully in killing this pest. As a rule, a heavier-than-air gas 
is more satisfactory in fumigating infested grain, grain products, and 
nut meats. Hydrocyanic-acid gas is used frequently and with success 
under certain conditions calling for no great penetration of xhf^ted^ 
bulks. Hamlin and Benton {22) have recently established the 
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practicability of fumigating stemmer trash at raisin-packing plants 
in Californfa with hydrocyanic-acid gas generated from calcium 
cyanide flakes. 

Bioletti (4, p, 189) recommends the following method for the 
disposal of this infested trash: 

By modifying the shape of the receptacle which receives the screenings,^ incliid- 
ing insects,"all the beetles could be caught and destroyed. The modification 
consists of an over-lapping removable border furnished with a pad saturated with 
coal-oil or phenol to prevent the escape of the beetles. At intervals this receptacle 
is emptied and the insects destroyed. 

Hermetically sealing and vacuum. —Bendy (fJf, p. 11) has 
found that hermetically sealing 100 adult beetles in a 15 c. c. capacity 
test tube three-fourths filled with crushed wheat for two days at 31° 
C. (87.8° F.) resulted in their death. The writers (S) found that 
adults kept in a vacuum of 29 inches for seven hours were killed. 

SUMMARY 

The saw-toothed grain beetle, Oryzaephilus surinamensis Linn6, is 
one of the best known of the cosmopolitan grain pests. It attacks in 
both its larval and adult stages all food of vegetable origin, especially 
grain and such grain products as flours, meals, breakfast foods, stock 
and poultry feeds, and copra, nut meats, candies, and dried fruits* 

No detailed study of this pest seems to have previously been made. 
Adult beetles have been found to live for more than 3 years. The 
majority of ovipositing females live from 6 to 10 months. The 
length of the preoviposition period ranges from 5 to 8 days during the 
season most favorable for breeding, to 207 days when climatic condi¬ 
tions are less favorable. The total number of eggs laid by an indivi¬ 
dual has been found to range from 45 to 285* 

Eggs hatched in from 3 to 5 days in midsummer. In cooler weather 
hatching may not have taken place until 8 to 17 days after deposition. 
Larvae required about 12 days for development, under favorable 
midsummer conditions. In the spring from about 4 to 7 weeks were 
required to pass the period from hatching to pupation. Under less 
favorable conditions larvae have required 10 weeks for development. 
Larvae molt from two to four times, the majority molting three times. 
Data presented indicate a prepupal period of 1 to 7 days, and a pupal 
period of 6 to 21 days. 

Under the most favorable weather conditions, the egg, larval, and 
pupal stages may be passed in as few as 22 days. The longest period 
required for the same development was 108 days, when the mean 
average temperature for the period was 69° F. The life cycle from 
egg to egg may range from 27 to 315 days. At Washington, D* C., 
there are four or five generations annually; in subtropical and tropical 
climates breeding is imdoubtedly continuous. 

As far as the writer is aware, the only known parasite of the saw¬ 
toothed grain beetle is a small cocoon-making hymenopteron, 
Neoscleroderma tarsalis (Ashm.). 

In the adult stage the saw-toothed grain beetle is quite resistant to 
fumigants, but it can be killed by fumigation with hydrocyanic-acid 
gas, carbon disulphide, ethyl acetate-carbon tetrachloride mixture, or 
-any other effective fumigant. Although an exposure of from 0° to 5° 
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F. for one day will kill all stages, adults and ’arvae withstood for thi'ee 
weeks a temperature ranging from 30® to 35®. An exposure for one 
hour at 125® has killed all stages. A vacuum of 29 inches continued 
for seven hours has killed adults. 
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COEN ROOT ROT—A SOIL-BORNE DISEASE* 

By W. D. Valleau, Plant Pathologist; P. E, Karraker, Assistant Agronomist; 

"and E. M. Johnson, Assistant Agronomistj Kentucky Agricultural Experiment 

Station 

INTRODUCTION 

The present situation in regard to the corn root-rot problem is 
well summarized by Holbert and others in the following statements 
by them in a recent publication (4, 24 . 8 ):^ '^The corn root, stalk, 

and ear rot diseases are a group of diseases seriously affecting the 
corn crop. For brevity, these diseases are sometimes called ^corn-rot 
diseases,’ and frequently simply 'corn root rot.’ However, at the 
outset it must be realized that 'corn root rot’ is not one disease, but 
several diseases, some of which do not result in any rotting of either 
roots or stalks.” Although it is realized that the problem is com¬ 
plicated by the fact that there are several diseases, sufficient attention 
has not been given by plant pathologists to an attempt to separate 
the various diseases concerned and to properly evaluate them. 

Confusion has arisen mainly from the fact that in the earlier studies 
of the problem the relation between poor seed and seedling blights 
was emphasized. These seedling blights, if they did not kill the 
plants, stunted them so seriously that they were at a disadvantage 
throughout life, although they may have largely recovered from the 
initial injury. These earlier studies centered attention on seed- 
borne pathogens, nearly to the exclusion of a study of the organisms 
actually associated with the diseased corn roots. In much of the 
literature on corn root rot it appears that the delayed development 
following seedling injury has been considered as typical corn root 
rot. If these effects of seedling blight are to be considered corn 
root rot, the fact should be recognized. If, however, there is a true 
corn root rot other than seedling blight, the two diseases should be 
recognized clearly and a distinction should be made between them in 
future literature. 

That there is a disease (or group of diseases) which should be 
luiown as corn seedling blight is evident from the abundant literature 
on seed selection and the corn root rot problem. The work of 
Hoffer, Holbert, and others shows clearly that seed known to be 
infected with Qihherella saubinetii, Diplodia zeae, or possibly others 
of the common corn ear pathogens, gives a crop inferior to one pro¬ 
duced from apparently healthy seed. It has been shown that the 
diseased seeds oft^n produce weak plants which may die prematurely 
or may be weak throughout their lives. This fact has been recog¬ 
nized for a long time by many careful farmers who have made it a 
practice to discard all ears which are likely to be affected with any of 
the true ear-rot organisms {Diplodia zeae^ Oihlerella sauhinetii). 
By ear selection at harvest time and by curing it is possible to obtain 
ears for seed in which the factor of seedling blight is almost negligible. 
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This does not mean that ears free from seed-borne organisms may be 
obtained by such means, but that seedlings are produced sufficiently 
rigorous to develop in spite of the presence of such common organ¬ 
isms as Fusarium moniliforme and Hhizo'pus sp., which in weak corn 
appear to be able to cause seedling blight by attacking the surface of 
the scuteUum and thus cutting off the food supply of the young plant. 

The elimination of the factor of seedling blight does not, howovei', 
in the writei-s’ observation, in any way control root rot which appeara 
later in the season. About the time of ear formation in Kentucky 
it is difficult, on corn gi'own in some long-cultivated fields, to find 
more than a few live roots, the plants appearing to subsist on moisture 
and plant food drawn from the soil largely through dead roots and 
new roots thrown out after rainy periods. On continuous-corn plots 
on the Kentucky Agricultural Experiment Station farm, on land kept 
in a high state of fertility, this condition is much more prominent 
tbari in plots in the longer rotations; the plants may make a vigorous 
early growth, but when nearing maximum growth they may show 
marked symptoms of root injxiry, as evidenced by wilting, curling, 
and premature death of the leaves, while the corn in near-by rotation 
plots with actually lower soil moisture may not be wilting. This 
condition appears to the writers to be that which should be recognized 
as corn root rot in contrast to seedling blights and poor development 
due to adverse soil conditions. 

With regard to the identity of the supposed causes of corn root rot 
as it is generally understood, there seems to be some unanimity of 
opinion in the recent literature. Manns and Phillips (d), following 
a review of recent literature, state: 

The literature as here reviewed shows that investigators have determined upon 
four different organisms as the principal ones associated with corn-rot diseases. 
These organisms are Fusarium moniliforme Sheldon; Gibherella saubinetii (Mont.) 
Sacc.; Diplodia zeae (Schw.) L6v.^ and Cephalosporium sacchari Butler. It is 
known that several of these organisms inhibit germination and appear to be 
active factors in the production of stalk and ear rots. Their importance as 
factors in causing root rot, however, is still in dispute. It is even questioned 
whether soil reaction is not the real factor predisposing corn to attacks of these 
so-called seedling and root-rot diseases. 

Tehon (8) states that “Root and stalk rots of com are chiefly 
caused by the fungi Fusarium moniliforme, Diploiia zeae, and 
Oibherella saubinetii. The degree of injury done by these organisms 
is dependent upon the relative susceptibility of the corn plant in 
the various stages of its development, and the effects of the attack 
appear as rotted roots, barren stalks, or poorly filled ears.” 

Holbert (4) and his coworkers apparently are in accord with these 
statements in regard to the causes of corn root rot, as their principal 
line of attack has been a study of the seed-borne organisms and their 
effect on the seedling plant and its subsequent development. Their 
Work deals primarily with Oihberdla saubinetii and Diplodia zeae 
and the effect of the various environmental factors on development 
of plants from seed infected and not infected by these organisms. 
They recognize the importance of soil infection in the problem, for 
they say: “Of the environing factors affecting the development of 
the different corn-rot diseases under discussion in this bulletin, 
the. problem of crop rotations and crop sequence takes a place second 
other under conditions existing at the present time in central 
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lUino's.” That they consider that G. saubinetii plays an important 
part in soil contamination is suggested by the statement (4, p. S2S) 
that *Tn the experiment at Bloomington in 1920 there was a difference 
of 14.1 bushels in acre yield between corn from good seed and from 
scutellum-rotted seed where corn followed clover, but in the same 
field where corn followed badly scabbed spring wheat the difference 
was 33.1 bushels.’’ 

In the Plant Disease Reporter (9) the cause of corn root rot is 
given as Gibherella saubinetii. 

It is the object of this paper to point out the fact that there is a 
root disease of corn distinct from seedling blight and its after effects, 
and that the organisms commonly considered as etiologic factors in 
corn root rot probably are not concerned in the problem. 

SOIL-STERILIZATION EXPERIMENTS 

EXPERIMENT 1 

For this experiment two lots of soil were collected April 7, 1924, 
one from a field in corn continuously from 1911 to 1923, and the other 
from a hardwood forest near by on the same type of soil, which may 
be considered virgin. The samples were collected and the work 
done in the spring of 1924. The soils were treated, or not, as follows: 
(1) Virgin soil untreated; (2) virgin soil steamed at 20 pounds 
pressure for one hour; (3) corn soil untreated; (4) corn soil to which a 
mineral fertilizer was added(5) corn soil steamed at 20 pounds 
pressure for one hour; (6) corn soil treated with formaldehyde;^ and 
(7) corn soil steamed and fertilized. 

Uniform plants were not used throughout, seed-borne organisms 
being eliminated ^ from the plants used in the virgin soil and the 
soils which were partially sterilized, but they were not eliminated 
from the plants in the natural corn soil. All series were run in 
duplicate. 

The average dry weights of the roots and tops of the two plants 
per pot in the two series, one of which was removed on the eightieth 
day and the other on the ninety-third day, are given in the following 
tabulation: 



Tops 

Roots 

Virgin soil, untreated________ 

Qrarm 

190.6 

Qrarm 

27.7 

Virgin soili steamed..-____ 

214.9 

33.5 

Corn soil, untreated__________ 

62 

14.1 

Corn soil, fertilized.-. 

125. 7 i 

28.3 

Corn soil, steamed. -__ _-_ 

214. 2 

29.9 

Corn soil, formaldehyde...... 

146.3 ^ 

38.5 

Corn soil, steamed and fertilized______ 

203.7 I 

1 

38.1 



2 The chemicals used and the rate per acre were as follows: Acid phosphate, 500 pounds; lime, 200 pounds; 
KCl, 200 pounds; and nitrate of soda, 200 pounds. 

3 The soil was saturated with a solution of 1 c. c. of 40 per cent formaldehyde to 350 c. c. of water heated 
to 90® C. The pots were allowed to stand three days and were then emptied and the soil aerated, dried 
until it worked well, and then sieved and replaced in the pot. 

< The seeds were treated in water 24 hours, followed by 11 minutes soaking in hot water at 55° 0. and 
then 16 minutes in 1:1000 mercuric chloride solution, and washed three times in sterile water (Sherbakoff’s 
method (7)). They were then planted in sterile sand. When rooted, the plants were removed from the 
sand, the endosperm and seed coats were removed, and the roots were washed in a weak calcium hypo¬ 
chlorite solution. The endosperm and seed coats were removed from the imtreated seeds used in the 
natural corn soil in the same way, but were replaced with the seedling. The plants were grown in 4-gallon 
pots; in the bottom of which a small-flowerpot was inverted. A glass tube which extended above the 
surface of the soil was inserted in the hole in the pot and water was introduced through this tube. 
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The results of this experiment may be summarized as follows: 

The roots of 80-day-old plants grown in virgin soil steamed and 
imsteamed were clean when washed out, showing no lesions; the 93- 
day-old roots in unsteamed virgin soil showed an occasional small 
lesion when washed out. 

The roots grown in unsteamed, unfertilized, and fertilized corn 
soil were brown throughout and were very much decayed, while in 
the same soil steamed they were white and healthy throughout 
(%. 1 ). 

The roots from corn soil treated with formaldehyde were clean and 
white throughout, showing no signs of injury, the temporary root 
system being still alive and healthy. 

The application of fertilizers to the unsteamed corn soil did not 
decrease the amount of injury to the roots although the root systems 
in this soil were practically twice as large as those grown in unsteamed 
unfertilized soil, on the basis of dry weights. 

Soil sterilization in the presence of abundant fertility seems to 
result in the development of a smaller root system (but larger tops) 
than in unsteamed soil, whether the unsteamed soil is infected with 
root rot or not. 

As the results obtained can not with certainty be attributed to 
soil infection, but might be explained on the basis of seed infection, 
these tests will be used only to indicate the importance of corn root 
rot in the economy of the corn plant. However, the writers believe 
the results were not due to seed infection, although Fusarium monili- 
forme and possibly other common seed organisms were present in the 
untreated seed, yet the growth of the seedlings indicated that they 
were not affected appreciably by these organisms; and the type of 
injury obtained in the old corn soil has never been observed by the 
writers to occur in pot work as a result of planting infected seeds, 
although many root systems have been examined. Subsequent tests 
reported in this paper show that the typical corn root rot may be 
produced when fungus-free seedlings are used. 

EXPERIMENT 2 

A second experiment was planned on much the same basis as 
experiment 1, using three soils as follows: (1) Virgin soil as in experi¬ 
ment 1—untreated, steamed, and steamed and fertilized; (2) soil 
from a continuous-corn plot not manured or fertilized; this was used 
untreated, steamed, with fertilizers, and with fertilizers and steamed; 
and (3) continuous-corn soil heavily manured each year; this soil 
was used steamed and untreated. 

In this test, treated seed (as in the previous experiment except 
that in this case heated to 50® instead of 55® C.) only were used in 
the virgin soil; in the continuous-corn soil, treated and untreated 
seed were used, respectively, in both steamed and unsteamed soil, 
m order to determine the relative importance of seed infection and 
soil infection; while in the manured corn soil treated seed were used 
m the steamed soUs and untreated in the unsteamed soils.® All 
testswere run in duplicate in 4-gallon pots equipped as in experiment 
1 . Thirty-eight pots were included in the original plan of this 
experiment, but owing to accidents five of them_ were diminated. 

»stewed pots were heated in an autoclave for %% hours at 18 to 2D pounds pressure. 
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Examination of the root systems was made after 104 days (Jan. 9, 
1925) by removing the ball of dirt as carefully as possible from the 
jar and working the dirt away from the roots with the fingers and 



Fig. 1.—Roots of corn plants grown in soil from a field continously in corn from 1911 to 1923. 

A, roots from untreated soil; B, roots from soil to which fertilizer was added; and C, roots 
from the same soil steam-sterilized. The roots in G are clean and white in contrast with the ^ 
severely injured roots grown in the natural soils. As indicated by the relative size of the root 
systems, the disease in pots A and B was rather slow in developing 

then vdth water. Without going into all details, the following results 
were obtained: 

Steaming and fertilizing had no appreciable effect, as compared with 
untreated soil, on the development|of plants grown in virgin soil. 
The root systems in all cases were healthy throughout, and the plants 
made about equal growth. 
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No differences could be noted in the development of plants in 
untreated continuous-corn soil when grown from treated and from 
untreated seeds. In both cases the root systems were nearly com¬ 
pletely decayed when examined. 

There was evidence in some of the steamed pots that seed treat¬ 
ment and selection of seedlings had not been entirely effective in 
eliminating seed-borne organisms, as evidenced by the fact that some¬ 
times the cotyledonary internode and the roots coming from it were 
found to be rotted. The injury, however, was limited to rootlets 
in an area not more than 2 inches in extent and was very slight. 
This is the usual effect of the seed-borne organisms most commonly 
found in well-cured, good seed corn. 

The addition of mineral fertilizers to the unmanured continuous- 
corn soil increased the size of the plants and the extent of the root 
systems, in both the steamed and the unsteamed pots. It apparently 
had no effect whatever on the health of the roots in the unsteamed 
soil, however, as they were nearly completely destroyed when exam¬ 
ined (fig. 2). 

High fertility maintained by manuring in the manured continuous- 
corn soil had a marked effect on increasing the number of healthy 
roots present on these plants, and also on the size of plants. The 
plants grown in this soil not steamed were as large as those grown in 
the same soil steamed and in virgin soil, in spite of the fact that the 
roots were severely rotted (fig. 2). This was evidently due to the 
fact that the plant made a vigorous start because of available fertility, 
so that when the roots began to decay the plant was suj95ciently 
vigorous to replace them as they rotted and so maintain its growth. 
Numerous healthy roots and rootlets were found in the upper 4 inches 
of soil, while below that point nearly all the roots were dead. In 
Figure 2 it will be seen that the plant raised in the steamed soil 
developed 8 permanent roots, whereas that in the diseased soil 
developed 17. Evidently the difference is not genetic, as the 
corn used was a three-times selfed strain of Boone Country White which 
showed a high degree of uniformity in the field and in the pots. 
The condition of this plant in diseased soil is typical of plants growing 
in diseased soil in the field, which, when they have attained nearly 
maximum growth, have lost nearly all of their root systems by decay 
but have a very marked ability to partially replace the system after 
rains. This is undoubtedly the reason why the results of corn root rot 
other than seedling injury due to infected seeds are often so obscure, 
even though it may readily be seen by pulling a plant that most of 
the roots are decayed. 

From these experiments and from other tests conducted by the 
writers it may be definitely stated that death of the temporary root 
system and of the small laterals and larger roots during the growth 
of a corn plant is not a normal process, as the individual roots, in the 
absence of injurious organisms, appear to live at least beyond the 
tasseling stage. The question whether death of the small roots was 
due to disease or to a natural process within the plant had been raised 
on several occasions by colleagues during the progress of this and 
other work on the roots of crop plants. 
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EXPERIMENT 3 

As some difficulty is at times experienced in growing plants in 
soil which has been steamed at high pressure for extended periods, 
it was desired to find the lowest temperature and the shortest period 
of heating which would eliminate the cause of injury to corn roots. 
An experiment was therefore planned to determine this point. Soil 
was obtained April 3, 1925, from a field on the experiment station 
farm which had grown several successive crops of silage corn. After 
sieving and thoroughly mixing, the soil was placed in 26 one-gallon 
glazed jars. Pairs of pots were then treated respectively as follows: 
Steamed at 14 to 16 pounds pressure for 2 hours and the soil im¬ 
mediately spread in a thin layer to cool and then replaced; treated in 



Fra, 2.—A, B, roots of corn plants grown in unfertilized continuous-corn soil to which mineral 
fertilizers were added for this experiment. The soil in which the plant A grew wtis steamed, while 
that in the case of B was not. Fertilization of this soil increased the size of the root systems over 
those in unfertilized soil, but it did not reduce root-rot injury in the unstoamed fertilized soil. C, 

D, E, root system of corn plant grown in untreated virgin soil CC),iu manured continuous-corn 
soil steamed (D), and in the same soil unsteamed (El, The roots of C and D are uninjured, hut 
those of E are severely injured, most of the fine laterals being destroyed and the larger roots dis¬ 
colored. More permanent roots developed from the clfcwa of this plant (l3) than from the 
crown of the plant in the steamed soil (D) 

the same way as the previous lot but left in the jar after heating; 
100 ° C. for 1 hour; 80° to 85° for 1 hour; 65° to 70° for 1 hour; 65° for 
15 minutes after the center of the soil mass had attained this temper¬ 
ature; 40° to 50° for 1 hour; soil air-dried 1 week away from direct 
sunlight; air-dried for 2 weeks; air-dried for 4 weeks; soil treated 
with formaldehyde vapor by placing soil on a wire gauze and boiling 
a solution of 1 part of 40 per cent formaldehyde to 2 parts of water 
under it for 30 minutes. Two pots were left as checks with no 
treatment. On April 15, 1925, each pot was set with a single plant ^ 
of each of two selfed lines of Boone County White corn, one of which " 
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had been self-pollinated five times and the other three times. These 
plants were completely freed of all seed-borne organisms by a method 
described in a footnote.® 

The complete results of this test are not of interest in this paper 
except as they bear on the problem of soil infection. The roots of 
all of the plants were examined when 72 days old, with the exception 
that the two untreated pots and one of the pots steamed under pres¬ 
sure were examined at the end of 47 days. At this time the rpot 
systems of the plants grown in the untreated soil were less extensive 
than those of the plants grown in steamed soil, were considerably 
discolored, and many of the fine laterals had disappeared. Lesions 
were present on some of the larger roots. Many of the rootlets 
had a lemon-yellow cast, although otherwise appearing healthy. 
The roots of the plant grown in the steamed soil were pure white 



Pig. 3.— Growth of corn plants of two solf-pollinatod strains growing in continuous-corn soil with 
various heat treatments. A, soil air-dried I week. B, soil air-driod 2 weeks. C, soil troat.od 
at 40® to 50® O. for 1 hour. D, soil treated at 50® to 60® for 1 hour. (The plants in A, B, C, and 
D are comparable in size, with the exception of the small strain in pot D, whicjh seems to show 
some benefit from the treatment.) E, soil heated to 100® for 1 hour. F, soil heated to 80® to 
85® for 1 hour. G, soil heated to 65® to 70® for 1 hour. JT, soil heated to 65® for 15 minutes. 
(The plants in E, F, G, and H are all larger than th(^e in the other four pots. 'The root systems 
were white and without injury throughout, in contrast to rotting and lemon-yellow color of root¬ 
lets in A, B, C, and D) 


throughout, having no rotting rootlets and none of the yellow cast 
mentioned. At the end of 72 days the remaining plants were of 
two sizes. 

The plants grown in the soil that had been treated at 65° for 15 
minutes and at higher temperatures were larger than those in that 
which had been treated at 50° to 60° or at lower temperatures or 
air dried (fig. 3). The reason for the difference was evident when 
the roots were examined. The roots of the larger plants were white 
md entirely without injury. In some instances the cut end of the 
internode where the seed was removed was not even discolored but 


® Briefiy, the method consists in treating the seed 20 hours in a mixture of 1 part of CaO to 4 parts of water, 
k^wedby20 minutes in a 1:1,000 mercuric chloride solution. The seeds are then germinated in culture 
- m^es, and when the paired seminals appear they are removed together with the tap root. The seedling 
$s tnen paeed in a tube of nutrient agar where roots are developed from above the seed. When these roots 
^wdi jlevmoped the plant is removed from the tube, the seed cut oft, and the rooted cutting planted. 
The entire procedure is carried out under aseptic conditions. 









Sept. 1,1926 


Oorn Root Rot—A Soil-Borne Disease 


461 


had healed over. Sixty-five degrees C. for 15 minutes appeared 
entirely effective in freeing the soil from organisms injurious 'to 
corn roots. 

The root systems of plants grown in air-dry soil or soil which had 
been heated to 50° to 60° C. or below were less extensive, many of 
the small laterals having been destroyed and some of the larger 
roots extensively rotted, especially those on the bottom of the pot 
(fig. 4). The lesions on the roots in the soil that had been heated 
at 50° to 60° for 1 hour appeared to be more recent and less exten¬ 
sive than in the others of this group, suggesting delayed development 
of the rot organism due to heating. The injury to all of these root 
systems was less extensive than in the previous expei'iment, prob¬ 
ably because the period of growth was shorter. Under field condi¬ 
tions the disease appears to act in the same way, not developing 



Fig. 4.—The effect of heating continuous-corn soil on the health of the root systems of com plants, 

A, soil heated 65® C. for 15 minutes. B, soil heated to 50® to 60® for 1 hour. C, soil air-dried 
one week. The two latter pairs of plants have many large and small roots which are rotted and dark- 
colored, especially at the bottom of the pote; the small rootlets of these plants were often 
lemon-yellow. The roots of A were white and healthy throughout. Heating at 65® for 15 minutes 
appears to have destroyed the corn root-rot organisms, and the organism which causes the lemon- 
yellow color of rootlets 

seriously until the plants have attained considerable growth, even in 
soil planted with corn continuously. There appear to be exceptions 
to this in which in certain areas the disease may become severe early 
in the life of the plant, resulting in high mortality. 

Aside from the differences in rotting in one set of roots and per¬ 
fectly healthy roots in the others, the two lots of roots (treated above 
65° C. and below this temperature) could be separated readily on 
the basis of the color of the fine rootlets. The healthy roots were 
all pure white, while many of the rootlets of the diseased root systems 
were a light lemon-yellow, although appearing healthy otherwise. 
It is the same color which Jones (5) has describ^ed as resulting from 
infection with his mycorrhizal fungus. It should be noted that the 
roots produced in the air-dried soils had more yellow rootlets and 
less root rot than the two lots grown in soil treated at 40° to 50° 
and 50° to 60°, while within these two lots a marked difference could 
also be noted. The roots from the higher temperature treatment 

102645—26-5 
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had markedly fewer yellow roots and more rotting roots (although 
the rot appeared of more recent origin) than those from the soil 
treated at the lower temperature. This result suggests that the 
mycorrhizal fungus (if this is the cause of the yellowing) exerts a 
slight protective effect against the rot organism, especially in the 
smaller rootlets. 

This experiment has demonstrated that a corn root rot exists 
which is caused entirely by organisms carried in the soil, and that 
in untreated soil the disease does not act as a seedling blight but causes 
its most severe injury later in the life of the plant. 

The soil treatment with formaldehyde, although it appeared to 
have killed, all injurious organisms, left the soil in such a toxic condi¬ 
tion that replanting had to be repeated several times before a stand 
was obtained. 

In a second test in which soil collected at the same time as that in 
the preceding test was used, and in which fungus-free corn plants 
were used, it was determined that in infected soil kept moist at room 
temperature for 94 days, both the root-rot oi'ganism and the mycor¬ 
rhizal organism were reduced as compared with soil kept air-dry for 
this period. This relationship held in both series of pots, one set 
of which was examined 73 days after setting and the other 94 days 
after. At the first examination, roots developed in soil kept air- 
dry for 92 days and then exposed to intense sunlight for 14 hours 
had decidedly fewer yellow rootlets than either those in moist soil 
or in air-dry soil, whue the extent of rotting was slightly less than 
in air-dry soil. At the tiipe of the second examination, the roots in 
air-drj[ and air-dry and sunlight soils were about identical as to 
yellowing, but roots in the sunlight soil again showed less rot than 
those in the air-dry soil. Both showed more yellowing and rotting 
than in the soil kept moist. 

SAND-CULTURE STUDIES 

In a preliminary experiment started September 9, 1924, sand in 
1-gaUon glazed jars, to which a nutrient solution ^ was added, was 
used in place of soil. 

Plants from treated ® and from untreated seed were used. Two 
pots of treated plants were inoculated with the washings from two 
culture plates of a corn strain of Fusarium moniliforme; two were 
inoculated each with 30 gm. of roots from corn plants grown in a field 
which had been planted with corn each year for at least 9 years; two 
were set with contaminated seedlings, and two with treated seedlings. 

The results were as follows: Contaminated seed resulted in injury 
to a few of the roots in. the immediate neighborhood of the seed, the 
reniainder of the roots being clean. The rootlets were clean and 
white on the plants from treated seed, although some rotting was 
evident on the temporary roots. Fusarium moniliforme destroyed 
the temporary root system but caused very little other injury than 
rotting of an occasional small lateral. In the pots to which corn 
roots were added the roots were nearly completely destroyed (fig. 5). 

7 The nutrient solution consists of KHsPO^, 1 gm,; CaCNOalg.Sgm,; MgS047H80 6 gm. in one liter of 
water. 

8 Tbe seed were treated by the hot-water bichloride method, germinate<i in steamed sand, and, when 
WM^arte^^ removed and the seed cut off leaving the temporary roots intact. Only plants were used 

have fungus-free seeds. Before setting, tne plants were immersed in a weak calcium 
JWWworite solution. This method is probably not efficient in freeing the plants from seed-borne fungi. 
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From this test and other observations it may be concluded that 
Fusarium moniliforme plays but little part in the economy of the 
corn plant; that it is a semiparasitic organism which appears to 
develop on the plant only to the extent necessary to complete its 
life cycle of entering the seeds, remaining there over winter, and then 



Fig. 5 .—Showing effect of rotten corn roots from a continuous corn field on corn plants in sand 
culture. A, roots inoculated with washings from a culture dish of a pure culture of a corn strain 
of Fusarium moniliforme. B, check; no organisms added. Cj sand contaminated with rotten 
corn roots. Treated seedlings supposedly free from seed-borne fungi were used in each case 

developing to a suflScient extent on the roots so that spores will be 
produced so that it may again gain access to the seed; that it appears 
to play an important part in the destruction of the com plant after 
maturity; and that organisms are present^ in rotten corn roots 
capable of causing root rot when introduced into sand cultures. 
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rOMPARATIVE EFFECTS OF GIBBERELLA SAUBINETII AND OTHER 
ORGANISMS associated WITH CORN ROOT ROTS AND DISEASED 
CORN ROOTS WHEN USED AS INOCULUM 


It is evident from the preceding results that a disease of corn roots 
may be produced in pots of either soil or sand which is similar to the 
disease which develops in old corn soil under field conditions, in that 
the injury is not a seedling blight, but develops to a serious extent 
after the plants have passed the seedling stage and have started to 
make rapid growth. Eventually, both in pot work and in the field, 
practically the entire root system is destroyed. It is believed that 
this disease is identical with corn root rot as it occurs in the field. 

Several pot experiments have been conducted to determine whether 
this type of root rot can be produced by the organisms which are 
commonly supposed to cause corn root rot, namely —Giberella saubi- 
netii, Diplodia zeae, Fusarium moniliforme, Fusarium spp. The 
results of these tests may be summed up by saying that GibbereUa 
saubineiii acts as a seedling blight, but if the plants recover from the 
Initial injury, they develop in the infected medium without further 
trouble. Similar'results have been obtained, also, with Fusarium 
succisae, which appears to be even more injurious than G. saubinetii 
to corn seedlings. Fusaria of the elegans section, and F. moniliforme, 
both isolated from rotting corn roots, do not cause the severe seedling 
blight caused by Q. saubinetii and F. succisae but they probably 
cause injury to a few rootlets. They have very little or no effect on 
the development of the plant. The results with Diplodia are not 
conclusive, as there appears to have been an accidental contamination 
from pots inoculated with diseased roots. The experiments from 
which these conclusions were drawn will now be described. 


EXPERIMENT 1 

In this experiment two series of plants were grown, one in soil and 
the other in sand cultures. The soil used was from the experiment 
station farm. It had been steamed under pressure several weeks 
before. The cultures of interest in this paper were: (1) Steamed 
son to which was added 10 gm. of sterile rice; (2) steamed soil to 
which were added 10 rice cultures of Gibberella saubinetii; ® (3) 
steamed soil plus cultures of a com strain of Fusarium moniliforme; 
(4) steamed soil plus F. succisae cultures; (5) virgin soil to which 
were added sterile com roots; and (6) sterile virgin soil to which 
were added com roots from a continuous-corn plot where root rot 
was known to be present. 

The plants used were of a three-year selfed line of Boone County 
White. _ The seeds for both series were treated by the lime- 
bichloride method, washed in sterile water, and then were transferred 
to tubes of nutrient agar for germination. Those which showed no 
signs of infection when the plant had reached the plug were then 
transferred, two per pot, to the soil. The plants were set January 31, 
1925. In 19 days the plmts in all the pots were 12 to 16 inches high. 
The plants in the soil inoculted with Fusarium succisae were at 
this time about two-thirds the size of the plants in the other pots. 

^ ® Wusarium succistte was isolated from a tobacco root. It was found in test-tube cultures to bo very 
^ mj^ous to com seedlings, and was therefore used for comparison with Gibberella saubinetii, although it is 
- of no significance as a corn pathogene. The G. saubinetii culture used was from tobacco roots, 

orgamsms were identified by O. D. Sherbakoff, 
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Both these plants and the plants inoculated with Gihherella saulinetii 
had wilted slightly every sunny day until this time, when they both 
appeared to have developed a sufficiently healthy root system to 
supply moisture. The others had not wilted. The plants were 
removed at the end of 40 days. The air-dry weights of the roots 
and tops were as follows: Check, 48 gm.; 0. saulinetii, 42.5 gm.; 

F, moniliforme, 41 gm.; F, succsiae, 29 gm.; virgin soil and steamed 
roots, 44.5 gm.; virgin soil and diseased roots, 32.5 gm. 

The original roots of the plants inoculated with Fusarium succisae 
were nearly destroyed, as were some of the first permanent roots 
which developed. The later roots were so nearly entirely healthy 
that it might be said that the plant was recovering from the initial 
injury. The plants inoculated with Oiblerella saulinetii were 
slightly smaller than the checks and showed but slight injury to 
the roots. They had apparently been injured in their early develop¬ 
ment, as evidenced by the daily wilting, but had entirely recovered. 
The plants inoculated with F. moniliforme showed but an occasional 
injured rootlet. The roots of the check plant were healthy through¬ 
out. The roots in virgin soil with sterile corn roots added were 
healthy throughout, while those in virgin soil plus infected roots 
showed extensive injury to the laterals, many of them being com¬ 
pletely rotted. It appeared that in but a short time the remainder 
would have been destroyed. In these plants the injury was evidently 
increasing, whereas the plants inoculated with (?. saulinetii and F. 
succisae appeared to be recovering. 

The sand-culture series of this experiment practically duplicated 
the soil series, except that steamed sand to which a nutrient solution 
was added was used in place of the soil. Inoculations were made in 
the same manner. The rates of growth of the plants treated in the 
various ways were similar to those growing in soil. The plants 
inoculated with Fusarium succisae and Gillerella saulinetii Wilted 
during midday on simny days. The plants were removed from the 
pots on the 25th day and the sand washed from the roots. The 
green weights of the plants at this time were as follows: Check, 35.1 
gm,; G, saulenetiij 9.7 gm.; F, moniliforme, 29 gm.; F. succisae, 5.7 
gm.; diseased com roots from field mixed throughout sand, 23.3 gm.; 
diseased corn roots from a previous experiment placed in lower half 
of pot, 26.4 gm.; and same planted with an open-pollinated Boone 
County White plant, 60.5 gm. The roots of the check to which 
10 gm. of sterile rice were added were clean throughout, except for 
a very few dead rootlets in the vicinity of the seed. The roots of 
the plants inoculated with F, succisae were badly rotted. The fungus 
was growing quite profusely around the crown of the plants. Lesions 
were scattered over the root system of the plant inoculated with 

G. saulinetii, but the majority of the rootlets were healthy. The 
injury hardly seemed sufficient to account for the slow growth of this 
plant, although probably more injury was caused in the seedling 
stage than was apparent at the time of inspection (fig. 6). The 
roots of the plant inoculated with F. moniliforme were but slightly 
injured, an occasional rotted rootlet being found. The three remain¬ 
ing pots were inoculated with diseased root material. The first, in 
which rotted roots collected January 17 from the field were mixed 
throughout the pot, had developed an extensive root system, but it 
was nearly completely dead and rotted when examined. In the 
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other two, diseased roots from a previous experiment, in which corn 
was grown in infected field soil, were used. The roots were mixed only 
in the bottom half of the pot. One of these pots was sot with an 
open-pollinated seedling. This plant was nearly twice as large as 
any of the selfed plants, indicating that its early growth had been 
rapid and uninfluenced by the inoculum in the bottom of the pot. 
At the time of removal, although the sand was moist, the leaves 
were curled and wilted. The roots at the bottom of the pot were 
extensively rotted, while the rot was spreading more slowly in the 
rootlets higher up in the pot. The injmy evidently was increasing 
with the age of the plant. In the other pot where the inoculum was 
placed in the bottom half of the pot, the roots were extensively 
injured in the lower half with an occasional rotted root higher up. 
In this series, although (r. savMnetii and F. succisae both caused 
injury to the plants in their seedling stages, the plants in both cases 
appeared to recover to some extent, the later roots appearing healthy; 
whereas plants inoculated with diseased root material made a normal 
growth in the seedling stage, hut developed an increasing amount of 
injmy as the plants grew older. The two diseases can not be con¬ 
sidered identical, the former being a seedling blight and the latter 
a disease of the developing plant. 

BXPEEIMENT 2 

In this experiment 1-gallon glazed jars of steamed sand (18 pounds 
pressure for 2 hours) were used, to which nutrients were added. 

The inoculum consisted of 30 grams per pot of finely cut and 
washed silage sterilized in 15-gram lots in culture dishes at 15 pounds 
pressure for 15 minutes. The dishes of silage were then inoculated 
respectively with pure cultures of GiVberetla sauiinetii, Fusarium 
swcisae, and F. monUiforme. They were then incubated at 26° C. 
for 4 days, at the end of which time the silage was overgrown profusely 
with the organisms, and then added to their respective pots of sand. 
All were nm in triplicate except F. monUiforme, which was used in a 
single pot. Thirty grams of diseased roots, collected from the field 
Femuary 27, 1925, and out into small pieces, was added to each of 
three pots, about a gram of the root material being put in direct 
contact with the roots of the plant in each case when it was set. 
Thirty grams of sterile washed sUage was added to each of the three 
checks. 

The plants used were a five-times selfed strain of Boone County 
White, prepared by the limewater-bichloride method, as in the 
previous experiment, and germinated in tubes of agar. Only 
apparently fungus-free seedlings were used. The plants were 
removed from the tubes with the agar adhering and set with the 
first node just below the surface of the sand. The plants were set 
March 6, 1925. Ten days later no differences could be noticed. 

On March 30 the plants inoculated with diseased roots presented 
the best appearance; while the checks to which sterile silage had been 
added were next, but noticeably smaller. Two plants in one pot 
inoculated with Fusariv/m succisae were practically dead (seedling 


1 C Ten grams of finely powdered 0, P. Gas (PO4) 2 was added at the time the pots were inoculated. After 
^ were set, 20 c. 0 . of a nutrient solution consisting of 10 gm. of KNOs and 26 gm. of MgS04-7Ha0 
,,per l^JOQFc, 0 . of water, was added to each pot; and also 10 c, c. of Scales' solution (25 gm. in 1,000 c. 0 .) was 
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blight). Two plants in one of the Gihberella sauhinetii pots also 
appeared very sickly. The other plants inoculated with these 
organisms were all about the size of the checks, or nearly so. On 
April 3 the two plants in the above-mentioned F, succisae pot were 


Pig. 6 .—The effect of Oihherella sauhinetii and Furasium succisae on 25’da^-old corn plants grown 
in sand cultures. A, sand, inoculated with rice cultures of G. sauhinetii. The roots are for the 
most part quite healthy, although considerable injury to the rootlets probably occurred in the 
seedling stage. B, cheek; sterile rice was added. C, rice cultures of F. succisae added to the sand. 

The roots show extensive injury, although the plant appeared to be recovering 

removed, as one was dead and the other nearly so. Both had devel¬ 
oped fairly extensive root systems with a poor development of 
laterals, and lesions were scattered here and there on the larger 
roots. The death of these plants did not appear to be the result of. 
root injury. The internode of the epicotyl and temporary roots 
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of both plants were rotted, and the rot had spread into the first nodes, 
killing the plants. On April 9 the plants were removed from one 
series of pots, with the exception of the F. succisae plants, which had 
already been removed. The 6?. sauhinetii pot containing the two 
small plants was selected. The highest leaves of these plants reached 
14 inches. Most of the roots were dead, on one plant only a couple 
of recent ones being still alive. The first internode of this plant was 
rotted, the injury probably extending into the first node.^ The second 
plant was somewhat larger than the first and was beginning to recover 
from seedling injury. The original roots and the laterals on the 
permanent roots were discolored, but a set of healthy roots was 
developing from the second node. 

The plants inoculated with diseased roots were taller than the 
others of the series (20 inches), but were not so stocky and appeared 
to wilt more readily. The root systems of the plants removed were 
extensive and considerably injured but not so much as those inocu¬ 
lated with Gilberella sauhinetii. Many of the small rootlets were 
yellow, although not decayed, and when sectioned were found to 
be penetrated by a fungus answering closely the description of 
Joneses mycorrhizal fungus (5). 

The checks were 17 inches high when removed, a few rootlets were 
found to be discolored, and two larger roots had lesions. Otherwise 
these roots were healthy. On April^ 16 all of the series were going 
ahead of the plants infected with diseased roots. The latter were 
light-green and spindly, with long narrow leaves, while the others 
were dark green and had shorter, broader leaves. 

On May 22 but little difference could be noted in the size of the 
plants, with the exception of those inoculated with corn roots, which 
were smaller (fig. 7). On May 25 the remaining plants were re¬ 
moved for observation of the roots. 

The root systems of all plants, except those inoculated with corn 
roots, were about the same size and very extensive (fig. 8). In 
the bottom of one of the Fusarium succisae pots, and dso in the 
remaining Gihherella sauhinetii pot, a considerable number of rotting 
roots were present. An occasional lesion was present in the checks. 
The roots inoculated with F. moniliforme were as large as those of 
the check, and except for an occasional lesion they were healthy 
throughout. The roots of the plant inoculated with root material 
were nearly dead (fig. 8). The contrast in the seedling-blight in¬ 
jury caused by Q. sauhinetii and F. succisae^ and root rot caused 
by adding infected roots, is again brought out in this test. 

EXPERIMENT 3 

In this experiment one-half gallon glazed jars of river sand were used, 
to which nutrients were added. The inoculum added was, in all 
cases, root material collected April 13, 1925. It was brought to the 
laboratory, washed and ground in a food chopper, weighed into 30- 
gram lots, sterilized (when sterile roots were necessary) in culture 
dishes, and 15 c. c. of 5 per cent potato-dextrose solution added to 
each portion. Three lots were inoculated with GihhereUa sauhinetii, 
and three with a composite of five cultures of Fusaria of the elegans 
section isolated from com roots. The cultures of root material were 

^ Seven grsms C, P. C^<PO02 thoroughly mixed with the sand, then 10 c. c. of the following nutrient 
sohafaon was added to each pot: 100 gm. KNOs + 26 gm. MgSO47H20 per 1,000 c. o. water. 
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inoculated by transferring some of the mycelium of the organisms 
used to the tube of decoction and pouring this over the root material. 
The plates, including the unsterile roots plus decoction, were in¬ 
cubated for three days and then added to the pots of sand. Fungus- 
free plants (see footnote 6, p. 460) of a Boone County White strain 



Fig. 7.—Eighty-day growth of corn plants in sand cultures as influenced by inoculation with 
Gibberella saubinetii (A), with rotted com roots (B), and with sterile washed silage (C). The 
plants inoculated with corn roots made more rapid early growth than the others, but were soon 
overtaken and outgrown. If those inoculated with Q, saubinetii pass the seedling stage without 
injury, they make normal growth. Seedling blight may, however, destroy them 

selfed five times were then set, using two plants per pot, on April 16. 
On May 4 the plants in the pots inoculated with root material were 
severely injured. At this time plants in the three check pots appeared 
slightly poorer if anything than those inoculated with G. saubinetii and- 
the elegans organisms, although the difference was not great. These 










470 


Journal of Agricultural Research 


Vol. 33, No. S 


plants were all approximately twice the size of the root-moculated 
plants. The early injury to the plants inoculated with root material 
m this case, as compared with the other experiments where injury 
was always delayed, may have been due to the fact that the causal 
organism was activated' by incubating three days with a nutrient 
solution and therefore was capable of attacldng the roots immedi¬ 
ately when the plants were set. On Juno 12 all plants inoculated 
with infected com roots were dead. On June 26 (53 days) the 
plants w’ere removed from the pots and the sand washed out of the 
roots. Photographic records were made and the plants were air- 
dried. The average air-dry weights of all plants, except those inocu¬ 
lated with corn roots, were as follows: 0. saubinetii, 26.3 gm.; Fusa- 
rium spp., 16.5 gm.; checks, 25.4 gm. 

The roots of the check plants were healthy throughout in the 
three series (fig. 9). The roots in two of the pots inoculated with 



Fig. 8 .—Roots of the plants A, B.andC shown in Figure 7. A (Inoculated with (7i66ar6Z/a«oM6i- 
netti), a few roots rotting on the bottom of the pot. B (inoculated with rotted corn roots), the roots 
being completely rotted. C (check), the roots appeared healthy and white throughout 


OibbereUa saubinetii were practically as good as the check; while in 
the third the roots were very severely injured, having an appear¬ 
ance typical of the true com root rot of the other experiments. The 
roots in two pots inoculated with Fusarium spp. were for the most 
pa.rt normal, although some of the early roots had evidently been 
injured, the third was in exactly the same condition as the <?. saubi- 
netti plant mentioned above. The roots were nearly completely 
rotted. As only one set of plants in both the Fusarium spp. series 
and the Q. saubinetii series showed this condition, the writers assume 
that the infection was accidental from one of the root-inoculated 
pots. There has been evidence in other experiments that accidental 
contamination has_ occurred from the root-inoculated pots to others. 

An experiment in which Diplodia zeae infected roots collected in 
the suinmer from diseased corn plants in the field, and a composite 
. ^‘42 distinct cultures of Fusaria, most of which were of the elegans 
^Hon, were used as inoculum was not entirely satisfactory. The 
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root-inoculated plants were extensively injured. Those inoculated 
with Fusarium spp, wore injured on the bottom of the pot, due in 
part to decomposition of organic matter which left a black sludge 
with a distinct odor of sewage. The roots above this area, except 
for an occasional rotted rootlet, were healthy. The roots inoculated 
with D. zeae had grown extensively, but when removed they were 
found to be severely injured in both pots. Some unauthorized per¬ 
son had watered the plants during the progress of the experiment 
with a hose and caused considerable splashing, so it can not be said 
whether the injury was due to D, zeae or to accidental contamination. 
At least it may be said that GiVberella saubinetii and the Fusaria of 
the elegans section commonly isolated from corn roots are unable to 
cause corn root rot similar to that caused by rotted corn roots from 
a continuous-corn field. 



'■ Fig. 9.—The effect of inoculation with rotted sterile com roots (A), with rotted roots incubated 
with a nutrient solution for three days m), and with rotted sterile roots plus a nutrient solution 
inoculated with OihhereUa smUnetU (O). X> was inoculated in the same way as C. It made 
rapid normal growth for a time, but gradually fell behind C. When its roots were removed D was 
found to have what was apparently a typical case of root rot, due probably to accidental infec¬ 
tion by splashing from one of the root-inoculated pots. Two pots of plants in this experiment 
inoculated with a composite of five seemingly different cultures of elegans Fusaria from corn roots 
looked like C, while a third appeared identical with D and evidently had been infected accidentally 

RELATIONSHIP BETWEEN SOIL TEXTURE AND ROOT ROT IN POT 

CULTURES 

In the pot experiments just reported observations were made on 
the distribution and spread of root rot in the various pot cultures 
which may throw some light on the cause of the disease. Wherever 
possible the complete ball of dirt or sand was removed from the jar 
in order to observe the roots concentrated against the inside of the 
pot. Rot was nearly always more severe in the bottom of the pot 
in the early stages of its development, but would gradually spread 
throughout the entire root system. In one case of evident accidental 
infection a streak of rotting roots was observed extending down one 
side of the pot, the rot evidently having followed the downflow of 
water. Development of rot was always more rapid in sand cultures,, 
in which waterflow is quite rapid and where watering must be done at, 
more frequent intervals than in the less porous soils; in f^t, Ijiis 
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difference was so striking that an attempt was made to find a soil- 
sand combination in which the rot would develop about as rapidly 
as in sand, but would be furnished with sufficient nutrients from the 
soil to maintain the plant without the addition of a nutrient solution. 
The soil and sand combinations used were virgin soil and river sand 
sterilized, half virgin soil and half sand, and one-quarter virgin soil 
and three-quarters sand. To each of the foregoing were added rotted 
corn roots from a continuous-corn plot. Virgin soil plus 30 gm. of 
sterile roots and sand plus 30 gm. of sterile roots served as checks. 

When the roots were finally examined the injury was found to be 
in direct proportion to the amount of sand present, the roots in soil 
being injured comparatively slightly, while those in sand were nearly 
completely destroyed. The plants were grown in 1-liter beakers so 
that root development and injury could be watched throughout the 
growth of the plant. During the progress of the experiment, when 
the plants were about half grown, one of the checks (sand plus sterile 
roots) became accidentally contaminated, evidently from one of the 
inoculated pots. The rot spread rapidly and when the plant was 
removed its roots were found to be nearly destroyed. 

It is interesting to note that yellowing of the mycorrhizal type was 
produced both by virgin soil and by the addition of rotted roots to 
sterile sand, but was entirely absent in the sterile-sand-plus-sterile- 
roots plants. 

The fact that the disease spread so much more rapidly where the 
flow of water was uninterrupted, suggested that the cause of the 
disease was probably one of the fungi which produce swarm spores 
or at least depended upon some free water for dissemination. 

ISOLATION AND MICROSCOPIC STUDIES 

Isolations have been made from some of the rapidly rotting roots 
from pot cultures and from plants grown in the field but have yielded 
usually either Fusaria or a fungus apparently identical with an organ¬ 
ism commonly isolated from tobacco roots which was tentatively- 
identified by C. L. Shear as a species of Hendersonia or as Stagano-- 
spora arundinis, Fusarium moniliforme was quite often isolated, 
but much more commonly species belonging in the section elegans 
of this genus. Tests of these organisms on corn seedlings growing in 
nutrient agar indicate that whereas they may cause injury under 
these conditions, yet the injury is of a different type from the true 
rot, being limited to very small laterals and to a small area of the 
larger roots. These tests and the pot tests reported above indicate 
that these organisms are probably not concerned in the problem other 
than as saprophytes or weak parasites which follow closely the real 
cause of the trouble. Gihierella sauiinetii and Diplodia zeae were 
never isolated in these studies; and in approximately 150 separate 
culture plates, in each of which about five pieces of rotting roots of 
tobacco from several fields were planted, sauhinetii was isolated 
but once.^^^ Searches made in Continuous-corn fields on the experi¬ 
ment station farm for the past several years by the senior author 
for the perfect stage of sauhinetii have resulted largely in failure, 
especially where the field lies to the windward of all wheat fields. 
These results suggest strongly that 0, sauhinetii is not a common corn 

_ _________ __ _ 

, I; Mhxer, P. W. [Unpublished master’s thesis, Univ. Ky., Lexington, 1923.1 
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pathogene except as it attacks developing ears of corn, and seedlings 
as a result of planting seed from such infected ears, and as it attacks 
matured corn stalks which have been grown in the vicinity of wheat 
or other small grains. It does not appear to be a common soil 
organism, except as it is turned under on infected plant parts. It 
appears to have specialized largely as an above-ground organism. 

Free-hand sections of the rotting edge of roots from pot cultures 
(experiment 3, p. 16) revealed the presence of a large-diameter, 
usually nonseptate fungus which is evidently a phycomycete. This 
has appeared consistently at the edge of the rotting tissue in the 
type of root injury resulting from the addition of rotted roots (fig. 
10, A). Behind this zone in the rotted tissue are found osopores, 
often in large numbers (fig. 10, B, C). Twenty which were measured 
ranged from 18.8 microns to 27.0 (averaging 23.2) in diameter, includ¬ 
ing the walls. 

A review of the literature on this type of root injury revealed the 
striking similarity between the sugar-cane root rot described by 
Carpenter {1) and the root rot of corn produced in either sand or 
soil pot cultures by the use of either diseased soil or diseased roots. 
(See Carpenter^s plates 1 and 3.) The hyphae and the oospores in 
diseased roots of corn are strikingly similar in appearance to those pic¬ 
tured by Carpenter, and the similarity suggests a relationship between 
the two fungi. In a later paper Carpenter {2) showed the morpho¬ 
logical similarity of his Pythiumlike fungus to PytMum Butleri 
Subramaniam and RJieosporangium ApTianodermatus Edson. Sub- 
ramaniani, as quoted by Carpenter, found his organism to be para¬ 
sitic on Nicotiana tdbacum, Zingiber officinale, and Oarica papaya. 
In the present studies the writers have found that rotted corn roots 
produced a rot of tobacco similar in character to the disease pro¬ 
duced on corn roots in pot cultures. Although it is too early to draw 
definite conclusions in regard to the actual cause of corn root rot, 
there is a strong suggestion that the Hawaiian root troubles and those 
of corn in the United States may be very similar in nature. The 
fact that the writers have not obtained a Pythiumlike organism in 
isolations from rotting roots is not surprising, as Carpenter had 
considerable difficulty in isolating the organism until a favorable 
medium was discovered.^® In 1919 Clinton (S, p. 4^8-430) obtained 
plants of corn severely affected with root rot, and found, in the pith 
of the stubble in the vicinity of the nodes, the oospores of a fungus 
which he identified as PhytoptTiora cactornm, but he was not certain 
whether it was a Pythium or a Phytophthora. The oospore measure¬ 
ments and appearance of the spores correspond closely with those 
illustrated in this paper. 


CONCLUSIONS 

A series of experiments have been conducted using both soil and 
sand in an attempt to differentiate between the types of injury caused 
by the more or less commonly accepted corn root rot organisms. It 
has been determined that through the use of sod from a continuous- 


13 Since the completion of this work, one of the writers (Karraker) was informed by James Dickson, at 
the November, 1926, meeting of the American Society of Agronomy in Chicago, that a Pythiumlike fungus 
had been isolated from com roots in his laboratory; and more recently still, the program of the seventeenth 
annual meeting of the American Phytopathologies Society announce a paper by Helen Johajm, J. H. 
Holbert, and James G. Dickson on A Pythium seedling blight and root rot of dent corn. ** 
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corn plot, in the absence of seed-borne organisms, a severe rotting of 
corn roots may be produced. ^ The addition of rotten roots collected 
from a continuous-corn field in the fall, midwinter, and spring, and 
added to sand cultures in which fungus-free corn plants were grown, 
resulted in a severe root rot. Rotting was found to progress more 
rapidly in sand where there was a free movement of water than in 
soil. The disease did not act as a seedling blight in pot cultures 
unless the causal organism was previously activated by incubation of 
the rotted roots with a nutrient solution. 

Both Oibierella saulinettii and Fusarium succisae have been found 
to cause seedling blight, but if plants escape seedling injury, they 
appear to make as rapid growth as check plants. In more than 100 
isolations made from rotting corn roots from plants growing in the 
field, in pot cultures of diseased soil, or in sand cultures inoculated 
with rotten corn roots, these organisms have not been obtained in 
a single instance. Diplodm zeae has not been obtained in these 
isolation studies. F, moniliforme and species of Fusarium of the 
elegans section are commonly isolated from rotting corn roots. 
F, moniliforme appears to rot only an occasional root in sand cultures, 
and a composite of 42 cultures of Fusaria from corn roots, most of 
which were of the elegans section, caused but slight injury. Appar¬ 
ently they are concerned in the problem only as secondary invading 
organisms. 

Free-hand sections of rotting corn roots grown in infected soil, or in 
sand cultures inoculated with rotten corn roots, have consistently 
revealed a large-diameter, generally nonseptate organism, and 
numerous oospores of the Pythium type. The type of injury pro¬ 
duced in soil and sand cultures is remarkably similar to the injury 
(pictured by Carpenter) to Lahaina cane grown in sick soil and 
caused by a Pythiumlike fungus. The suggestion is made that corn 
root rot, other than seedling blights known to be caused by certain 
seed-borne organisms, is caused by a fungus similar to the fungus 
causing the cane root rot. 

Rotted corn roots added to sand cultures of tobacco are capable of 
causing a type of injury which appears identical with the so-called 
brown root rot of tobacco in the field. 

The roots of corn plants grown in continuous-corn soil, in virgin 
forest soil, or in sand to which rotted corn roots from the field have 
been added, develop lemon-yellow discolorations; and on sectioning 
the roots are found to be penetrated by a fungus similar to the 
mycorrhizal fungus described by Jones. This organism and the 
corn root-rot organism are both destroyed by maintaining the soil at 
65° C. for 15 minutes. 
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A BLOSSOM AND SPUR BLIGHT OP PEAR CAUSED BY A 
STRAIN OF BOTRYTIS CINEREA PERS.' 

By S. M. Zeller 

Plant Pathologist, Oregon Agricultural Experiment Station 

INTRODUCTION 

As far as the writer is aware, this paper is the first report in the 
literature of Botrytis having been found to be the cause of a blossom 
blight of pear, Pyrm communis. This blight of Pyrus communis, 
caused by a strain of Botrytis cinerea Pers., was first reported by the 
writer ^ in 1920, at that time as a disease of the spur. In April and 
May of that year specimens of blighted spurs were sent to the Oregon 
Agricultural Experiment Station from two localities in Douglas 
County, Oreg. In one orchard in one of those localities from 10 to 
15 per cent of the fruiting spurs of some Anjou pear trees were 
infected, and somewhat less infection was found in Winter Nelis 



Fig. 1 .—a, Diseased spur of Anjou pear that was attacked by Botrytis ‘*in the pink'' stage of 
the buds. When this photograph was taken the invasion had extended into the parent 
branch; B, diagrammatic illustration to show how far the mycelial invasion and discoloration 
progressed into the parent branch in one instance; C, photograph of a diseased spur taken the 
same spring that infection took place. Note the cankerous condition at the base of the spur; 

D, photograph showing canker at the juncture of the spur with the parent branch 

and Comice trees. Since 1920 the disease has been found mainly 
on Anjou stock, but Bartlett, Nelis, Comice, and Bose have been 
slightly affected in the order mentioned. 

DESCRIPTION OF THE DISEASE 

Infection takes place through the flower parts. The first visible 
evidence of the disease is the wilting of one or more flowers or flower 


1 Received for publication Jan. 20,1926; issued September, 1926. 

a Zeller, S. M. a spur blight op pear caused by botrytis. (Abstract) Phytopathology 11: 106. 


Journal of Agricultural Research, 

Washington, D. 0. 

102645—26-6 (477) 


Vol. 33, No. 5 
Sept. 1,1926 
Key No. Oreg,“14 


A 





478 


Journal of Agricultural Research 


Vol. 33, No. 5 


buds of a spur. If only one flower is affected, the mycelium makes 
its way down the flower pedicel in one or two days. When the infec¬ 
tion rkches the base of the pedicel it spreads to the bases of other 
flower pedicels, and the flowei-s which these pedicels support quickly 
wilt, and the whole spur has a diseased appearance (hg. 1, A). As 
is always true in the ease of pear tissues, the aflected parts quickly 
darken. Infection and discoloration continue rapidly down the spur 
and advance for some distance into the parent branch (fig. 1, B). 
This whole invasion takes place wuthin two to four days, so there 
may be many thoroughly diseased spurs before the petals fall from 
healthy flow’-'ers. Fortunately, infection takes place at a time of 
vigorous growth of the parent branch. The vigorously growing peri- 
cycle producing a cork cambium about the diseased area at the base 
of the spur serves as an expeditious check against the further advance 



Fia, 2.—Photographs of the vegetative fruits produced just abtfee cankers that are causetl hy 
Botrytis on Anjou stems or petioles. In A, the canker has forced the fruit away from the 
cortex of the stem. In B and C the fruit is an enlargomont of the putlolewS 


of the mycelium. As soon as the spread of the inycelium is chocked 
the base of the diseased spur becomes cankerous in appearance, 
owing to the heaving and splitting of the margins of the dead bark 
when callus begins to form (fig. 1, C). In a short time the flower 
parts fall away, and in late spring and early summer the diseased 
spurs appear, as illustrated in Figure 1, D. If the spurs are taken 
during these stages of the disease, the causal organism may be 
isolated from the diseased tissues. 

Although such cases are seldom found, infection may occur after 
the fruit has set. In such a case infection starts through the sepals, 
but the invasion progresses more slowly than described above. The 
invasion slowly spreads in the cortex of the immature fruit, which 
usually drops before it is 8 to 10 mm. in diameter. In cases of fruit 
infection the fimgus seldom gets beyond the suberized layer of the 
normal abscission layer at the base of the pedicel When the in- 
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vasion does exceed this limit the small area of diseased tissues 
below the abscission layer is limited, being occluded from the vigor¬ 
ously growing healthy tissues by a rapidly formed phellogen layer. 
These single late-infected fruits or flowers dry and fall away late in 
the spring or early summer. Collateral products of the small cankers 
on the parent branch are the vegetatively produced false fruits. 
Parthenocarpy in Anjou pears when floral parts are present has been 
illustrated and discussed by Ej:aus and Kraybill.® When Botrytis 
canker occurs in such a position on a small twig as to cut off the 
downward translocation of food sub¬ 
stances from leaves above, these 
vegetative pears may be found (as 
illustrated in fig. 2, A, B, C) imme¬ 
diately above the canker as a fleshy 
enlargement of the outer cortex of 
the stem or of the petioles of the 
leaves furnishing the nourishment 

DISSEMINATION OP THE 
DISEASE 

The Botrytis organism remains 
dormant during the summer in the 

diseased spurs and cankers. In _ 

the fall, after the rains begin, 
sclerotia are formed in the crevices and on the 
surfaces of the diseased tissues. The following 
spring the sclerotia are covered with conidiophores 
(fig. 3), which shed clouds of conidia upon agita¬ 
tion of the spurs. Since the hold over of the dis¬ 
ease is in the spurs which were infected the pre¬ 
ceding season, as well as in other plant d4bris, 
control by the elimination of such plant debris 
would be hopeless. 

PROOF OF PATHOGENICITY 




Fig. 3.—Conidiophores 
and spores of the 
strain of Botrytis 
dnsrea Pers. which 
causes blossom and 
spur blight of jiear. 
A, mature conidio- 
phore. X 280. B, 
immature conidio- 
phore, with spores 
beginning to form 


The pathogenicity of this strain of Botrytis cin-^ 
area has been established by the constant associa¬ 
tion it has with the type of injury described 
above, and by inoculations made with conidia 
from pure cultures. The disease has been collected many times in 
the Umpqua Valley in Oregon, and has been sent to the Oregon 
Agricultural Experiment Station from several localities in that dis¬ 
trict and also from the Grants Pass and Medford districts of the 
Eogue Kiver Valley. In 1923 it was reported from Antelope Valley 
and similar localities in California.^ The causal organism has been 
isolated from samples of all of the cases reported in Oregon. 

Inoculations were made in three different ways: (1) Spores were 
dusted on the flower parts; (2) spores were sprayed on in a water 
suspension; and (3) a water suspension of spores was injected into 

3 Keaus, E. J., and Kratbill, H. E. vegetation and eepeoduction with special rbperence to 
THE TOMATO. Orcg. AgT. Expt. Sta. Bui. 149, 90 p., illus. 1918. 

4 Smith, E. H. minor apple and pear diseases. Calif. Agr, Expt, Sta. Rpt. 1922/23: 186. 1933. 
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the bark of spurs with a hypodermic needle. In the cases where the 
latter method was used the spore dilutions in sterile water were 
injected into 20 spurs each of Anjou and Bartlett pears on March 23, 
1921. Nineteen (or 95 per cent) of the Anjou spins were killed in 
6 to 12 days, while 16 (or 80 per cent) of the Bartlett spurs were 
withered in the same period. When spores from a pure culture 
which was obtained from wilted Anjou flowers werc dusted on Anjou 
blossoms in the greenhouse, the blossoms being in all stages from 
“in the pink” to full bloom, 20 spurs showed wilted blossoms in 4 
days while 20 spurs which were not dusted with spores were normal. 
Infection was accomplished as successfully when the spores were 
sprayed on flowers as when they were dusted on. The dusting 
inoculations were repeated under field conditions. Out of 30 Anjou 
spurs inoculated with dry conida 26 showed one or more blossoms 
wilted in five days. The relation of humidity and temperature to 
infection has not been studied. 



Pig. 4.—Pear flowers, with the petals plucked away so as to show the various courts of infection. A, 
about half of the flower infected; B, one style infected; 0, two styles infected; D, all of the styles 
infected and the infection is advancing into the calyx cup from two sides; E, Infection from a 
petal has nearly reached the pistils. Two styles, seen to foe partially discolored, were infected 
later; F, petal infection has extended into the calyx 


INCIPIENCY OF INFECTION 

. Ward,® in his classic study of a lily disease caused by Botrytis 
cineredj demonstrated that infection was possible through extracellu¬ 
lar enzyme activity which digested the superficial walls of the host 
tissues. On the other hand, Blackman and Welsford^ observed that 
the germ tube of B, cinerea on the surface of the leaf of broad bean 
(Vida faba) excreted a mucilaginous sheath by which the tube was 
firmly cemented to the surface. A depression in the epidermal wall 
below the germ tube suggested that considerable pressure was exerted 
on the substratum. Actual penetration of cuticle was by means of 
a peglike growth that was developed from the underside of the germ 
tube which was in close contact with the cuticle, and thus penetra¬ 
tion could occur without there being an appressorium. No influence 
of enzyme action on the cuticular walls could be detected, but such 
activity was evident only after the mycelium had penetrated to the 
parenchyma of the leaf. Death of the epidermal cells prior to the 
penetration of the cuticle was never found to occur. 

In the case of the strain of Botrytis cinerea causing blossom and 
spur blight of pear, the stages of infection observed were rather dis¬ 
tinct and worthy of mention here. When conidia were dusted on 


B ease. Arm. Bot. [London] 2 : 319-382, Ulus. 1888. 

^^ 9 - Wblsford, E. J. studies in the physiology op parasitism. 
, CINEREA. A»n. Bot. [London] 30 : 389-398, Ulus. 9Ue, 
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pear blossoms in the greenhouse, infection started in one of four 
places. In some flowers the stamens wilted first, with the infection 
apparently having its incipiency somewhere along the filament; inva¬ 
sion proceeded from the filament to the receptacle cup and thence 
to the neighboring petals, sepals, stamens, and styles, causing imme¬ 
diate browning, and wilting. In other flowers styles were infected 
first, whereas in still others sepals were first infected. In a very few 
cases small bracts on the flower pedicels became infected first. 




Figure 4 shows several flowers in the early stages of blight. Figure 
4, A, shows about one-half of the flower invaded. In Figure 4, B, 
the petals have been plucked away to show the single infected style. 
In Figure 4, C, two styles are attacked. Figure 4, D, shows two 
sides of the receptacle and all of the styles infected. Figure 4, E, 
shows two styles and one side of the cup infected. Figure 4, F, is 
an example of petal infection which has invaded a short distance into 
the receptacle. 
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Mycelial invasion of the tissues proceeds very rapidly. For 
instance, a stamen was found somewhat browned and beginning 
to wilt at 9 a. m. At 2.15 p. ni. the invasion had spread until about 
one-fourth of the calyx disk was browned and one petal and two 
sepals were wilted. 

Microscopic examination revealed that infection may take place 
by the conidia adhering to the epidermal hairs of the floral parts and 
the germ tubes entering directly through the wall of the hairs. This 
was observed in many cases, and no instance of mechanical pressure 
or peglike growth from a superficial germ tube was observed. After 
penetrating the wall of the hair the germ tube makes rapid growth 
toward the epidermal cell. Figure 5, A, shows a hair from the 
stamen of an Anjou flovrer. Figure 5, B, shows several early infec¬ 
tions of hairs greatly enlarged, ^ 

There has been no opportunity for trials of sprays. The disease 
has not been continuously severe enough to warrant the growers to 
expend time and materials for sprays to control this disease alone. 

SUMMARY 

A spur and blossom blight of pears in Oregon is described. It 
attacks the Anjou, Bartlett, Winter Nelis, Comice, and Bose in 
severity in the order mentioned. As far as the writer knows the 
disease is limited almost entirely to southwestern Oregon. As many 
as 15 per cent of fruiting spurs have been killed in the most severe 
cases found affecting Anjou pear. Conidia from sclerotia on hold¬ 
over lesions infect through the hairs of the floral parts. 



THE RELATIVE UTILIZATION OP FEED ENERGY FOR 
MAINTENANCE, BODY INCREASE, AND MILK PRODUC¬ 
TION OF CATTLE' 

By E. B. Forbes, Director, J. August Fries, Assistant Director, Winered W. 

"Braman, Associate in Animal Nutrition, and Max Kriss, Associate in Animal 

Nutrition, Institute oj Animal Nutrition, Pennsylvania State College 

INTRODUCTION 

In 1924 a paper ^ representing cooperative work by the Institute of 
Animal Nutrition of Pennsylvania State College and the United 
States Department of Agriculture was published, in which preliminary 
results on the relative utilization of energy in milk production and 
body increase of dairy cows were given. Further data of a generally 
similar but greatly improved character are now available, and these 
are given in the present report. In the earlier study the heat produc¬ 
tion and gains of energy were computed from the carbon and nitrogen 
balances, the maintenance requirement of energy was estimated from 
published averages, the net energy utilized for body gain was esti¬ 
mated from residts with a single cow, and the computed heat produc¬ 
tion was not corrected to a standard day, as to standing and lying. 

In the experiments upon which the present report is based several 
cows .were used, the heat production and gains of energy were deter¬ 
mined by direct calorimetry^ the maintenance requirement of net 
energy was also dmectly observed with each cow, as the fasting kata- 
bolism, the net energy utilized for body gain was determined with each 
cow while she was dry, and a new procedure was utilized for computing 
the heat production to the standard day as to standing and lying. 

The investigation herein reported comprises three series of experi¬ 
ments,^ conducted during the years 1921,1922,1923; and it deals with 
the efficiency of the milk cow, in terms of energy, to utilize feeding 
stuffs, especially for milk production, in comparison with maintenance 
and body gain. 

PLAN OF THE INVESTIGATION 

The utilization of feed energy in milk production is here considered 
in relation to that portion of the feed which is available for milk pro¬ 
duction after deducting the nutritive requirements of maintenance 
and any such body gain as may have occurred. The milk energy is 
thus regarded as net energy utilized in the production of milk. 

The schedule of the experiments involving mUk production is set 
forth in Table 1. The first two experiments, 221E and 221F, were 
planned to cover two series of observations with each cow, one as 
early and one as late as practicable in the period of lactation, and on 
a plane of nutrition estimated to be slightly above the requirements 

1 Received for publication Apr, 1,1926; issued September, 1926. 

2 Fries, J. A., Beaman, W. W., and Cochrane, D. O. relative utilization of energy in mile 
PRODUCTION AND BODY INCREASE OF DAIRY CWS. U. S. Bept. Agr. Bul. 1281, 36 pp., illUS. 1924. 

a Of these the first two were planned hy the late H. P. Armsby, the third by J. A. Fries; and all were con¬ 
ducted under the immediate supervision of J. A. Fries, with the cooperation of W. W. Braman, B. O. 
• Cochrane, Max Kriss, 0. B. Jeffries, W. J. Sweeney, and R. M. Meredith. 
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for maintenance and milk production, but not permitting of fattening 
to a significant extent. The third experunent, 22lG, was planned to 
determine, in conjunction with the study of utilization of feed energy, 
the effects upon milk production of different quantities of the same 
feed. This last expeiiment consisted of four periods with one cow 
on widely different quantities of the standard feed mixture. During 
the first and fourth periods the cow was given as much feed as she 
would eat without waste; in the second period the ration was as 
computed to equal the maintenance requirement; and in the third 
period the ration was increased by half of the difference between 
those of the first and the second periods. 


Table 1 . —Experimental periodsj rations, and live weights of experimental subjects 


Experi¬ 

ment 

No. 

Cow 

No. 

Period 

No. 

Preliminary feeding 
period 

ColJeetion period 

Kations 

Feed re¬ 
fused 
(aver¬ 
age per 
day) 

Aver¬ 

age 

live 

weights 

Alfalfa 

hay 

Grain 






ICgin. 

Kgm. 

Kgm. 

Kgm.**' 

991E 

874 

i I 


Jan. 5-Jan. 14,1921. 

3.140 

4.700 

None. 

381 


874 

1 II 

Mar. 12-Mar. 22.... 

Mar. 23-Apr. l, 1921_ 

3.040 

4.560 

None. 

391 


886 

I 

Jan. 8-Jan. 18_ 

Jan. 19-Jan. 28, 1921. 

3.700 

5.540 

None. 

398 


886 

1 II 

Mar. 26-Apr. 5. 

Apr. 6-Apr. 15, 1921. 

3.200 

4.800 

None. 

401 

99.1 F 

88G ‘ 

I 

Dec. 23-Jan. 3_ 

Jan. 4-Jan. 13,1922. 

4.370 

6.560 

6 0.774 

416 


886 

! II 

Mar. 25-Apr. 4. 

Apr. 5-Apr. 14, 1922. 

3.660 

6.490 

None. 

412 

221G. 

887 

i I 

Nov. 25-Dec. 5. 

Dec. 6-Doc. 16, 1922. 

3.651 

6.476 

None. 

383 


887 

II 

Dec. 23-Jan. 2..._ 

Jan. 3-Jan. 12, 1923. 

1.750 

2.620 

None. 

346 


887 

' III 

Jan. 13-Jan. 23_ 

Jan. 24-Feb. 2, 1923. 

2.700 

4.050 

None. 

345 


887 

IV 

i ! 

Feb. 3-Peb. 13. 

Feb. 14-Fob. 23,1923—,1 

i___j 

3.660 

_i 

5.480 

None. 

_ 

368 


« Average of eight daily weighings, taken before watering, at about 8 a. m., during the collection period. 
Average of 10 days. Of the entire amount refused, 3.31 kgm. were refused during the two days in which 
the calorimetric study was made. 


Each experimental period covered 21 days, the first 11 being pre¬ 
liminary, and the last 10 the collection period. During the latter 
period the milk, urine, and feces were collected and sampled for 
chemical analysis; and during the last two days of each collection 
period the animal was subjected to a respiration calorimetric study 
in which heat production, carbon dioxide, water vapor, and methane 
were measured. 

EXPERIMENTAL SUBJECTS 

Three Jersey cows were used in these investigations. Two of 
them. Nos. 886 and 887, were purebred, and one, No. 874, was of 
unknown breeding. Cow 886 was born July 13, 1914. Her first 
calf was dropped October 10, 1917, her second calf November 28, 
1920, and her last calf December 24, 1921. She was used dry in 
experiment 22lD (1920), and fresh in experiment 221E and 221F (1921 
and 1922). Cow 874 was born May 5, 1916. Her second calf was 
dropped July 27, 1920. She was used fresh in experiment 221E, 
and dry in e-xperiment 221F. Cow 887 was born September 5, 1917. 
Her third calf was dropped October 27, 1922. She was used dry in 
experiment 221F, and in milk in experiment 22lG (1923). These 
animals possessed the usual nervous temperament of Jersey cattle. 
No one was a hearty feeder, and all were rather slow in adapting 
themselves to the changes in ration. All were fair milkers, for their 
breed. 
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FEEDS AND RATIONS 

The standard ration used throughout all experiments considered 
in this paper consisted of alfalfa hay of good quality cut into about 
1-inch lengths, and a grain mixture composed of 10 per cent linseed 
meal, 30 per cent wheat bran, 30 per cent ground oats, and 30 
per cent corn (maize) meal, all of good quality. The ratio of hay 
to grain as fed throughout all the experiments was as 2 to 3, by 
weight. Common salt was fed in the amount of 30 gm. per day, 
15 gm. at each feeding 

In consideration of the nature of the ration, and of its individual 
components, it was assumed that the amino acids of the protein mix¬ 
ture were in eflBicient variety, and that the mineral and vitamin 
requirements of the animals were satisfied. 

On account of the disqualifying refusal of feed by cow No. 886, 
in Period I of experiment 221F, and other technical difficulties with 
cow No. 874, in Period II, experiment 221E, the data from these 
periods are excluded from this discussion. 

METHODS OF EXPERIMENTATION 

The rations were weighed in covered tin cans in which they were 
kept until needed; and the sampling was performed by a carefully 
considered procedm’e which need not be described in detail. 

The urine and feces were collected together. At the end of each 
24 hours these excreta were weighed, thoroughly mixed, and an 
aliquot weighed out for a composite sample. Another portion was 
weighed in a shallow tin pan, and dried at about 60° C. The com¬ 
posite sample was preserved in a zinc can by the addition of carbon 
bisulphide, and at the end of the 10-day collection period the com¬ 
posite sample was well mixed, and a portion dried and prepared for 
analysis, as were* also the daily samples. 

Samples of the milk were preserved by the addition of 1 c. c. of 40 
per cent formalin per liter. From these daily samples aliquots were 
weighed out for the composites. These composite samples were pre¬ 
served, in duplicate, and kept cool until the analyses were completed. 

The milking was done at half past 4 o^clock, morning and evening. 
For this purpose the main door of the calorimeter was opened, thus 
permitting the milker to enter. Corrections for the heat, carbon 
dioxide, and water vapor given off by the milker while in the calorim¬ 
eter were made on the basis of published data considered satisfactory 
for the purpose. 

The feeds and dried excreta were analyzed by methods conforming 
in all essential details to the procedures of the Association of Officim 
Agricultural Chemists;^ the heat of combustion and the carbon being 
determined by means of a bomb calorimeter; and in the last two 
experiments carbon was also determined by means of a combustion 
furnace. Nitrogen was determined in the fresh excreta by the 
Konig method in all experiments. 


< Association of Official Agricoltubal Chemists, official and tentative methods of analysis. 

COMPILED BY THE COMMITTEE ON EDITING METHODS OF ANALYSIS. REVISED TO JULY 1, 1924. Ed. 2, 535 
p., illus. Washington, D. C. 1925. 
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In the air current entering the calorimeter the carbon dioxide and 
water vapor were determined gravimetrically in a continuous sample, 
and in the outcoming air the carbon dioxide, water vapor, and 
methane were likewise determined in a continuous sample. Deter¬ 
minations were also made of oxygpi and of carbon dioxide, in the 
outcoming air current, by means of a Sond^n apparatus, on samples 
collected at half-hour intervals during the last 24 hours of each 
calorimeter period. 

THE BALANCE OF MATTER AND ENERGY 

The income, outgo, and balances of matter and energy for each 
cow and for each experimental period are recorded in Table 2. These 
foundation data are submitted for record only. The balance of 
energy was computed from the balances of protein and fat, by the 
use of the usual factors, the energy of the protein being corrected to 
nitrogen equilibrimn, as was also the energy of the feces-and-urine 
mixture. It should be borne in mind that these energy balances 
rest upon a different experimental basis from those appearing in 
Table 3, which were obtained by the use of the directly observed heat 
production. This direct heat production and the computed heat 
production do not differ in any case to an important degree. The sig¬ 
nificance of these data will be discussed in the later, derived tables. 


Table 3. —Energy of milk produced and of body gairij based on the observed heat 

production 


Experiment No. 

Cow 

No. 

Period 

No. 

Dry 
matter 
in feed 
eaten 

Motabolizablo 

energy 


Energy 
of milk 

Gain of 
energy 
by body 

Per kgm. 
of dry 
matter 
of feed 

Total 

Observed 
heat pro¬ 
duction 




Kgm. 

Cals, 

Cals. 

Cals. 

Cals. 

Cals. 

221E_. 

874 

I 

6.879 

2,462 

16,934 

11,417 

4,931 

■+■686 


88C 

I 

' 8.105 

2,479 

20,090 

12,048 

6,498 

■fl, 644 



II 

6.990 

2,672 

17,978 

11,049 

5,102 

•+■1.767 

221F. 

886 

II 

8.067 

2,671 

20,741 

12,422 

5,936 

+2,384 

221G. 

887 

I 

8.033 

2,675 

20,086 

12,308 

7,947 

4371 



U 

3.846 

2,437 

9,374 

1 8,627 

5, 589 

-4,842 



III 

5.935 

2,660 

15,229 

9,870 

5,048 

-289 



IV 

8.027 

2,628 

20,290 

11,670 

0,046 

+2,681 

- 



—- 



. - 




ENERGY OF MILK PRODUCED AND OF BODY GAIN 

The metaboli 2 sable energy (gross energy minus energjr of excreta) 
per kilogram of dry matter of feed (Table 3) agreed satisfactorily 
for the different cows and periods, indicating the existence of con¬ 
sistent experimental conditions. To explain the significance of this 
table, it should be stated that the total metabolizable energy, minus 
the observed heat production and the energy of the milk, equals the 
gain of energy by the body. 

The observed heat production, the energy of the milk, and the 
energy of the body gain differed, from period to period, as deter¬ 
mined by the differences in plane of nutrition. Since the cow tends 
strongly to maintain _ her individually characteristic milk produc¬ 
tion, regardless of variations in the feed, the radical changes in plane 
of nutrition affected the energy of the body gain much more prom- 
menMy than they did the energy of the milk. 
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Attention is called to the fact that the observed heat production as 
recorded in Table 3 has not been corrected to the standard day, as 
to standing and lying; hence the balances of energy cover the in- 
idividuality of the cows with regard to time and energy spent in these 
two positions. 

Before the net-energy values of the feed for milk production can 
be computed it must first be known how much feed and metabolizable 
energy should be allowed for the maintenance of these animals, and 
for any gain of energy by the body which occurred. 

The computation of these requirements (of feed and metabolizable 
energy) was based upon (1) the maintenance requirement of energy 
(heat production of fasting), (2) the net-energy value of the ration, 
and (3) the percentage utilization of the metabolizable energy of the 
ration for maintenance, the derivation of which data is as indicated 

.n Table 4. 

1 

Table 4. —Compulation of the net-energy value of the ration and the utilization of 
the metabolizable energy in the maintenance of dry cows 


Experiment 

No. 

Cow 

No. 

Period 

No. 

Body 

surface 

in 

mainte¬ 

nance 

periods 

Fast¬ 

ing 

katab¬ 

olism 

per 

square 
meter 
per 
day “ 

Total 

fasting 

katab¬ 

olism 

Heat 

pro¬ 

duc¬ 

tion 

in 

mainte¬ 
nance 
periods 
per 
day " 

Heat incre¬ 
ment 

Metab¬ 

oliza¬ 

ble 

energy 

per 

kilo- ! 
gi-am 
dry 
matter 

Net 
energy 
per 
kilo- 
gram 
dry 
matter 
of feed 

Utiliza¬ 
tion of 
metab 
oliza- 
able 
energy 

Total 

Per 
‘ kilo¬ 
gram 
dry 
matte.r 
of feed 




S(j. m. 

Cals. 

CaU. 

Cals. 

CuLs. 

Cals. 

Cals. 

Cals. 

Per cent 

221D. 

880 

T 

4.70 

M, m 

6,250 

8,086 

1,829 

480 

2 ,429 

1,949 

80.2 



III 

4.84 

H, 331 

6,442. 

8,026 

1,684 

419 

2,476 

2,067 

83.1 

Average_ 





0,349 



460 

2,453 

2,003 

81.7 

221F. 

874 

11 

4.81 

«1,446 

6,965 

9,093 

2,138 

534 

2,397 

1,863 

77.7 


887 

II 

4.08 

01,483 

6,051 

8,274 

2,223 

613 

2,484 

1,871 

76.3 


« Twelve hours standing and 12 hours lying. 
i Results of the third day of fast. 

«Average of days of fast 6H to 7H and 7H to SH- 


The fasting katabolism of cow 886 (fifth column of Table 4) is for 
the third day of fast, whereas in the case of cows 874 and 887 the data 
represent the average of days 6J4 to 7 and 73^ to 8}/2 of fast. It 
will be noted that the total fasting katabolism per day has been 
computed according to the estimated body surface of the animals in 
the maintenance periods, so as to render the metabolism in the fasting 
and maintenance periods comparable in respect to surface area. 

It should be understood that the methods followed in this computa¬ 
tion are provisional only, and that the determination of the fasting 
katabolism as a measure of the maintenance requirement of energy 
has yet to be standardized. 

The difference between the heat produced per day in the mainte¬ 
nance periods and the heat produced per day while fasting is the heat 
increment, or energy cost of feed utilization. Subtracting the heat 
increment per kilogram of dry matter of the ration from the metab¬ 
olizable energy per kilogram of dry matter in the maintenance 
periods gives the net energy value of the feed, per kilogram of dry 
matter, for maintenance. The values so derived are contained in 
the next to the last column of Table 4. In the last column of this 
table are found the percentages of utilization of the metabolizable 
energy, obtained by dividing the net energy by the metabolizable 
energy, per kilogram of dry matter. 
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The data of Table 4, as already stated, are made the basis for com¬ 
puting the dry matter of feed required for maintenance and the 
requirement of metabolizable energy for the millung cows. These 
re<^uirGnients have been computed as indicated in Table 5. 

Table 5 .—Maintenance requirement of net and of nietaboUzable energy a-nd of dry 
matter of feed for the milking cows 


Experiment No. 

Cow 

No. 

Period 

No. 

Mainte¬ 
nance 
require¬ 
ment 
of net 
energy 

Correc¬ 
tion for 
standing 

Mainte¬ 
nance 
require¬ 
ment of 
net 1 
energy, ! 
corrected 
for 

standing 

Net 
energy 
values 
for main¬ 
tenance, 
per kilo¬ 
gram dry 
matter 
of feed 

Utiliza¬ 
tion of 
nietah- 
olizablo 
energy 

1 

Bry 
matter 
i of feed 
rc(iuired 
for 

mainte¬ 

nance 

Metab¬ 

olizable 

energy 

required 

for 

mainte- 

iiance 




Cals. 

I Cals. 

Cats. 

Cals. 

Per cent 

Kgm. 

Cals. 

221E. 

874 

I 

6,955 

1 +154 

7,109 

1,863 

77.7 

3.816 

9,349 


886 

I 

6,349 

1 

+75 

6,424 

2,003 

81.7 

3.207 

7,863 



11 

6,349 

i 

+99 

6,448 

2,003 

81.7 

3.219 

7,892 

221F. 

886 

II 

6,349 


+25 

6,374 

2,003 

81.7 

3. 182 i 

7,802 

221G. 

887 

I 

6, 061 

H 

-179 

6,230 

1,871 

75.3 1 

3.330 

8,274 



II 

6,051 

1 

-172 

6,223 

1,871 

75,3 

3.326 1 

8,264 



III 

6, 061 

H 

-205 

6,256 

1,871 

76.3 

3.344 

8,308 



IV j 

0, a6i 

1 H 

hioi 

6,152 

1,871 

1 

76.3 

3.288 

8,170 


The allowances for body gain have been computed on the basis of 
the observed gains and losses (as indicated in the last column of 
Table 3) and the corresponding net-energy values of the feed, those 
for body gain having been determined elsewhere from results of 
supermaintenance feeding.® 


Table 6.— Feed available for milk production and milk energy per kilogram of dry 

matter of available feed 






Net 

! energy 

Bry 

Bry 

Dry 

Milk energy 

Experiment No, 

Cow 

No. 

Period 

No. 

Body 
gain or 
loss 

per 

kilogram 
dry 
matter 
for body 
gain or 
loss 

matter 
of feed 
rofiuirod 
for body 
gain or 
loss 

matter 
of feed 
required 
for 

main¬ 

tenance 

matter 
of feed 
available 
for milk 
produc¬ 
tion 

Tot,al 

Per 

kilogram 

of 

available 

feed 

221E. 

221F. 

Average (Cow No. 
886). 

874 

886 

886 

I 

I 

^ II 

11 

Cals. 
+586 
+1,644 
+1,767 
+2,384 

Cals. 

1,620 
1,396 
1,396 
1,396 

Kgm. 
0.380 
1.106 
1.266 
3.708 

Kgm. 
a. 836 
a. 207 
a. 219 
a. 182 

Kgm, 

2.677 
a. 792 
2.605 
a.J77 

Cals, 
4,931 
6,498 
5,162 
5,935 

Cals. 

1,842 

1,714 

2,061 

3,868 

1,88) 

1,788 

1,798 

2,068 

2,063 

1,924 

221G. 

Average (Cow No. 
887). 

887 

I 

' III 
IV i 

+371 
-4,842 
-289 
+2,581 

1,4.38 

1,871 

1,871 

3,438 

.258 
2.688 
. 354 i 
1.796 1 

3.330 
3.326 
3.344 
3,288 

4.445 
3. lOH 
2,745 
2,944 

7,947 
5,589 
6,648 
6,046 


i 









In case of a loss of energy by the body, the amount of feed required 
to prevent this loss was computed by the use of the net-energy value 
for maintenance given in Table 4. The results in detail are presented 
in Table 6, which gives also the dry matter of feed available for milk 
production and the energy of milk produced per kilogram dry matter 


^ OoCBBAte B. p.. Fries, J* A., and Bra-Man, W. W. the maintenance requirement of dry cows. 
Agr. Eesearf^ (1925) 31: 1056-1082. 1926. 












Sept. 1, 1926 


Relative Utilization oj Feed ly Cattle 


491 


of available feed (last column). The latter data represent the net- 
energy values per kilogram dry matter of the ration for milk 
production. 

In Table 7 the metabolizable energy available for milk production, 
and the percentages of utilization of the metabolizable energy in 
milk production, have been computed in a similar manner. 

Table 7. —The utilization of metabolizahle energy for milk production 


Experiment No. 

Cow 

No. 

Period 

No. 

Body 
gain 
or loss 

Utiliza- 
i tion of 
metabo¬ 
lizable 
energy 

Metabo¬ 
lizable 
energy 
required 
for body 
gain or 
loss 

Metabo¬ 
lizable 
energy 
required 
for main¬ 
tenance 

Metabo¬ 
lizable 
energy 
available 
for pro¬ 
duction 
of milk: 

Milk 

energy 

1 

Utiliza¬ 
tion of 
metabo¬ 
lizable 
energy 
for milk 
produc¬ 
tion 

221E . 

874 

886 

I 

I 

II 

II 

Cals. 
+586 
+1, 544 
+1,767 
+2,384 

Per cent 
61.6 
56.1 
56.1 
56.1 

Cals. 

951 
2,752 
3,150 
4,250 

Cals. 

9,149 
7,863 
, 7,892 

7,802 

Cals. 
6,834 
9,475 
6,936 
8,689 

Cals. 
4,931 
6,498 
5,162 
5,935 

Per cent 

72.2 
68.6 
74.4 

68.3 

70.4 

67.6 
74.1 
77.3 

79.6 

74.7 

221F. 

Average (cow No. 
886). 


2210. 

887 

I 

II 

III 

IV 

+3n 
-4,842 
-289 
+2,581 

57.0 

75.3 

75.3 

57.0 

651 
-6,430 
-384 
4,528 

8,274 
8, 2(54 
8,308 
8,170 

11,761 
7,540 
7,305 
7,598 

7,947 
5,589 
5,648 
6,045 

Average (cow No. 
887). 
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The data of Tables 6 and 7 indicate a considerably greater effi¬ 
ciency of utilization of feed energy for milk production than for body 
production, and seem to show a tendency toward a more efficient 
utilization of the available feed energy in the later stages of lactation. 

The average amounts of milk energy produced per kilogram dry 
matter of available feed are 1,842 Calories for cow 874, 1,881 Cal¬ 
ories for cow 886, and 1,924 Calories for cow 887. The average per¬ 
centages of utilization of the metabolizable energy for milk produc¬ 
tion ai'e 72.2 per cent, 70.4 per cent, and 74.7 per cent, for cows 874, 
886, and 887, respectively. 

The average net energy values of the ration used for maintenance, 
body increase, and milk production, as obtained with these cows, 
have been assembled in Table 8 to illustrate the relative utilization 
of the feed energy for the three purposes mentioned. 

Table 8 . — Relative value of feed energy for maintenance^ body increascj and milk 

production 


Cow No. 

Net energy value per kilo¬ 
gram of dry matter of feed 

Utilization of feed energy 

For 

mainte¬ 

nance 

For body 
increase 

For milk 
produc¬ 
tion 

For 

mainte¬ 

nance 

(stand¬ 

ard) 

For body 
increase 
(relation 
to main¬ 
tenance) 

For milk 
produc¬ 
tion (rela¬ 
tion to 
mainte¬ 
nance) 

874. 

Gals. 

1,863 

2,003 

1,871 

1,912 

Cals. 

1,520 

1,396 

1,438 

1,451 

Cals. 

1,842 

1,881 

1,924 

1,882 

1 

1 

1 

1 

1 

0.816 

.697 

.769 

.761 

0.989 

,939 

.1028 

.m 

886. 

887. 

Average. 
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Regarding the net energy value olibhe ration for maintenance as 
the standard of comparison—that is, as unity—and relating to this, 
respectively, the net-energy values for body increase and for milk 
production, we find the ratios of utilization of the feed energy as 
recorded in the last three columns of Table 8. 

CONCLUSIONS 

In a series of respiration calorimeter studies of the energy metab¬ 
olism of cows, both in dry condition and in lactation, and on different 
planes of nutrition, the average rates of utilization of the net energy 
of the ration for maintenance, lactation, and body increase were 
found to be as 1 for maintenance, 0.985 for lactation, and 0.761 for 
body increase. More extensive evidence will doubtless modify this 
apparent relationship; but accepting the same provisionally, it is 
certainly of interest, and consistent, from a teleological point of view, 
that with a lactating female the rates of efficiency of utilization of 
food for the maintenance of the life of the mother and for the pro¬ 
duction of milk for the offspring are apparently alike, while the 
economy of use for body growth is at a distinctly lower rate. 


o 
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A BACTERIAL WILT AND ROOT ROT OF ALFALFA 
CAUSED BY APLANOBACTER INSIDIOSUM L. McC.^ 

By Pbed R. Jones, Pathohgist, Office of Vegetable and Forage Diseases, and 
Lucia McCulloch, Assistant Pathologist, Laboratory of Plant Pathology, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In a previous note (4) ^ the senior writer recorded the finding, in 
northern Illinois and southern Wisconsin, of a new disease of alfalfa. 
This disease, chiefly vascular in character, causing as its most con¬ 
spicuous symptoms a dwarfing and yellowing of the plant, a drying 
out of the foliage, and occasionally a wilt, has now been under ob¬ 
servation and study for a year. The organism found in diseased 
plants, and with which the disease has been reproduced experimen¬ 
tally, has been studied by the junior writer and been found by her 
to be a new species of bacteria to which the name Aplanobacter 
insidiosum has been given in a brief description already published (6) 
The present paper brings together a more complete description of 
the disease, and such results as have been obtained in an experi¬ 
mental study of the relation of environmental conditions to the 
development of the disease, and gives a full description of the parasite. 

DESCRIPTION OF THE DISEASE 

Although the disease has undoubtedly passed unrecognized in the 
United States for a long time, it is by no means inconspicuous in 
character, at least in fields where it is abundant and destructive. 
It is not characterized by any external lesions like those occurring 
in the bacterial stem blight described by Sackett (11). The most 
conspicuous character of thoroughly diseased plants is a dwarf habit 
(pL 1, A), there sometimes seeming to be an abnormally large num¬ 
ber of stems suggesting a witches’ broom. Dwarfing is usually more 
conspicuous when plants have reached one-half to two-thirds growth 
after the field has been cut. Dwarfed plants are usually paler in 
color than their healthy neighbors, and their leaves are smaller. On 
dwarfed stems with short internodes the leaves may be very small 
and curled upward and yellowed at the margins. In very vigorous 
fields or in plants recently infected the symptoms may be incon¬ 
spicuous. Dwarfing may be slight or there may be no dwarfing. 

1 Received for publication Jan. 28,1926; issued September, 1926. This paper is a Joint contribution from 
two separate offices of the Bureau of Plant Industry of the United States Department of Agriculture. The 
fore part of the article, beginning on this page and continuing on to page 562, is by Jones, the senior writer, 
and is devoted especially to the nature, distribution, and control of the disease. The second part, begin¬ 
ning on page 502 and continuing to the end, is by McCulloch, the Junior writer, and is especially concerned 
with the culture and morphology of the bacterium which has been assigned as the cause of the disease, 

2 Reference is made by number (italic) toLiterature cited,” p. 521. 
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Sometimes a bleaching and drying of the foliage of a few stems or of 
the margins of a few upper leaves like that following frost injury is 
the only indication of the disease. In seed fields the disease has 
sometimes been found betraying itself merely by the yellowing of 
the margins of the oldest leaves, giving the entire plant an unhealthy 
appearance. In the greenhouse, infected plants have sometimes 
shown as first visible symptoms a mosaiclike mottling of the leaves 
after several hours of sunshine, with a return to uniform color at 
night. Extreme mottling of the foliage is followed by wilting or 
shriveling (pi. 2); indeed, the frosted appearance of plants in the 
fields seems to be the consequence of severe wilting in hot midday. 
The wilting of older plants has been observed by the senior wTiter, 
although it has been described as characteristic chiefly in the first 
crop, and rarely in the later crop. Wilting of seedlings in their first 
year has been seen once in the field, and this wilting seems to be the 
only symptom which young plants exhibit before they perish. The 
term “wilt,’’ then, as applied to this disease, designates more accu¬ 
rately the relation of the parasite to the host—the extensive clogging 
of the vascular system described later—than the most conspicuous 
symptom of the disease in the field. 

Whenever this disease has developed sufTiciently to be discernible 
in the foliage, the taproot almost always shows unmistakable dis¬ 
coloration, which is readily observed w'hcn it is cut across with a 
sharp knife (pi. 3). The discoloration, which is yellow or pale- 
brown in color, is located in the outermost part of the woody cylinder 
just beneath the bark. The ring of discoloration is narrow at first, 
increasing in width with the progress of the disease. When the bark 
is stripped back, the woody vascular cylinder thus exposed is seen as 
straw-yellow to brownish-yellow in color, very different from the white 
or ivory-white, rather diy appearance of the same tissue in the healthy 
plant. This condition is found not only near the crown, but it ex¬ 
tends to the ends of long taproots and to the larger root branches. 
Sometimes in plants which are growing and laying down new wood 
in spite of the disease, the discolored wood is found deeper than the 
outer wood beneath the cambium, and is seen readily only in section. 
In any case, the character and the location of the discoloration dis¬ 
tinguish it from the decay of the center of the taproot found so often 
in older plants. 

Another type of root injury which occurs sometimes in badly 
diseased plants is a reddish-brown, cankerlike lesion in the cortex 
and extending more or less deeply into the wood and seen best when 
the bark is stripped back from the wood (pL 1, B). This injury is 
rarely observable from the outside of the root. The brown discolor¬ 
ation of the wood extends up and down from these lesions, which 
appear to mark a point of entry of the parasite. This typo of injury 
occurs from the crown to a depth of 6 to 8 inches in the soil, and is 
less readily distinguished from other types of crown decay. 

Dwarfing and yellowing of plants, or bleaching of the foliage, 
together with discoloration of the outermost woody tissue of the 
taproot, are the distinguishing characters by which this disease can 
usually be easily recognized. 

The distribution of the disease in the field may be uniform^ scat¬ 
tered, especially if the field is level and uniform, but more frequently 
it occurs in patches. It is always more abundant along depressions 
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where surface drainage takes place, and along irrigation ditches. 
Frequently from isolated beginnings it spreads conspicuously in 
the direction of surface drainage or in the direction of the flow of 
irrigation water. 

DISTRIBUTION OF THE DISEASE 

The disease is now known, locally at least, in many States where 
alfalfa is grown. It has been reported recently in correspondence 
from New Jersey, Pennsylvania, and South Carolina, by J. L. Weimer. 
In a preliminary survey in May and June, 1925, by Weimer and 
the senior writer (J) the disease was observed in Alabama, Mississippi, 
Indiana, Illinois, Wisconsin, South Dakota, Nebraska, Kansas, and 
Colorado. The pathogenicity of cultures of the parasite obtained 
from plants in all of these States, except Indiana, has been determined 
by inoculation of plants in the field and the production of typical 
disease. Recently the disease was found by M. B. Linford in Cache 
Valley, Utah, and by the senior writer and B. L. Richards in southern 
Idaho. This experience suggests that further search probably will 
result in discovery of the disease in greater or less abundance in 
many more if not all of the older alfalfa-growing districts of the 
United States. 


PREVIOUS RECORDS AND STUDIES 

Refex’ences to this disease that can be identified with certainty are 
few and are found only in recent writing. Headden (S) gives an 
account of alfalfa failure in Colorado, which does not give a convinc¬ 
ing description of this disease; yet representative dying plants sent 
to the senior writer were excellent specimens from which cultures 
of the parasite wex'e obtained. Sackett {12) has written a description 
of the disease that seems unmistakable, and Durrell and Sackett 
{1) later describe it even more clearly. To be sure, the bacterial 
organism which these latter writers found associated with the disease 
appears, from the one cultural characteristic given, to be different 
from that described in this paper; but complete proof of the ability 
of their organism to reproduce the disease as found in the field was 
not given by thexn in their note^ (f), and until such proof has been 
obtained it is not possible to distinguish the disease found by Durrell 
and Sackett from that described in the present paper. Melhus et al, 
{8) recoi'd an experimental study in Iowa of water-flow interference 
in roots of alfalfa sufl‘ering from a wilt disease, which, from the brief 
description they give, appears identical with the one discussed in 
this paper. 


ECONOMIC IMPORTANCE OF THE DISEASE 

It is not possible to state with certainty to what extent this disease 
is responsible for decrease in alfalfa culture and for failures” which 
seem to be reported in increasing numbers in several parts of the 
United States. In the past the dying of plants from this disease^ has 
been frequently ascribed to winter injury; and more recently, especially 
in Colorado (i), when parasitic nematodes have occurred associated 
with the disease, the injury has been ascribed entirely to the nema¬ 
todes. Much further field study will be required before a reliable 
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appraisal can be made of the relative importance of winter injury 
and this bacterial disease wherever the two troubles occur together. 
In the course of a field survey made during the summer of 1925, 
fields of alfalfa 3 to 5 years ola were found in Alabama, Wisconsin, 
Illinois, Kansas, Nebraska, and Colorado that were greatly reduced 
in stand and made improfitable by this disease. In Kansas and 
Nebraska this observation has been supported by Melchers (7) and 
Goss {£), respectively. There is, therefore, no doubt that the dis¬ 
ease, xmder certain conditions, is capable of destroying fields in locali¬ 
ties in all of these States, yet nowhere has it been found occurring in 
all fields in a locality—on the contrary, sometimes in only a small 
percentage of them—and neither is it destructive m all of those in 
which it occurs. A discussion of conditions which seem to favor 
destructive spread of the disease is given later, 

RELATION OP THE PARASITE TO THE HOST 

Study of the relation of the parasite to the host—the routes by 
which the parasite gains entrance, the manner of its spread through 
the tissues, the conditions under which the disease progresses to 
cause the death of the plant, and the bearing which age may_ have on 
the response of plants to infection—^has not reached satisfactory 
conclusion. Such study involves a more exact knowledge of the 
anatomy of the plant and the effect of environmental conditions upon 
its growth than is available at present. Therefore the present ac- 
coimt of these relations is merely a statement of the more obvious 
features that have been observed and examined. 

METHOD OP INFECTION 

Direct inoculation of alfalfa plants with pure culture of the parasite 
has been made successfully by two methods, both involving wound¬ 
ing of the host. The first method introduces the organism directly 
into the vascular system of the plant; the second brings the organism 
into contact with wounded parenchyma through which it must pass 
to enter the vascular system. The organism has not yet been found 
to enter uninjured tissue. 

The first method, used almost exclusively in experimental inocula¬ 
tions thus far, takes advantage of the great avidity of the freshly cut 
vascular tissue of alfalfa root or stem for water. Alfalfa stems have 
never been observed to “bleed” when cut, but even when the soil is 
wet they take up water, and this water may car^ bacteria in suspen¬ 
sion a considerable distance into the plant. The conditions most 
favorable for absorption of water and the extreme distance to which 
bacteria may be carried have not been determined. Bacteria may 
be carried both upward and downward from cuts. In a preliminary 
demonstration, a vigorous shoot of alfalfa 38 centimeters tall was cut 
off close to the crown, the cut being made under a bacterial suspen¬ 
sion in which the stem was left standing in the greenhouse for 5 
hours before it was examined for the presence of bacteria. Razor sec¬ 
tions from 3 centimeters above the cut showed vessels to be clogged 
with pale-yellow masses of bacteria, and bacteria were obtained in 
plates poured from the eighth centimeter of stem above the cut. 
In a younger stem 22 centimeters tall, bacteria were found 6 centi¬ 
meters above the cut 5 hours after the stem was cut off. Similar 
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A. Alfalfa plant severely diseased with bacterial wilt and root rot (lower left), showing 
characteristic appearance in the held about two weeks after cutting. The foliage is very 
small and pale compared with that of the healthy plant at the right 

B. Two-year-old alfalfa root infected with bacterial wilt. The bark has been cut and 
separated from the woody cylindw’ to expose abundant reddish-brown lesions, some of 
which api>ear to mark the point of entry of the parasite into the root through lesions 
about injured and killed rootlets 
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^ Disease symptoms obtained in the greenhouse by inoculation with a culture of Aplanobacter 
Two uninoculated plants are shown in the group at the left. Inoculation was made 
Octo^r 8,1924. Photographed January 19,1925. The plants were not cut back in the meantime, 
and therefore show none of the dwarfing that is so conspicuous at a later stage in the development 
of the disease 
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, Discoloration of root In the outer wood beneath the bark characteristic of bacterial wilt and root rot 

A. Cross section of an infected plant 3 years old. Note In the cater part of 

oration which in this case (as often) is not of equal intensity around the entire circumference of tae 

B. Cross section of healthy root 3 years old. X " v ^ no-hf- tn sh^w 

0. A thinner section of the diseased root shown in ^ ,PS«>^ographed by tran^i^ 

more clearly that the discoloration which appears diffused in B is due chiefly to tne coiorea 
material in invaded vessels, X 6 
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of tto pteoS® o' olaife PlOBSod with bsotorla are shown to the centei 

Nin^oy-o'loPHure on beef agar. Note th, 
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stems cut near the top under bacterial suspension and allowed to 
remain in the suspension four hours, gave abundant bacterial colonies 
from the ninth centimeter below the cut, which was the greatest 
distance from the cut at which examination was made. 

Bacteria are carried a considerable distance in a much shorter 
time than that used in the foregoing trials. Large stems of plants 
in late bloom growing in the field were cut off about 15 centimeters 
above the crown, with a razor wet with bacterial suspension, and 
the cut surface was quickly iirigated with a single drop of the sus¬ 
pension as large as the level surface would hold. This drop was 
immediately absorbed. Five minutes later the stump was cut off, 
then sterilized on the surface, and cut into pieces one-half centi¬ 
meter long which were macerated and plated. An abundance of 
bacteria was obtained from the fourth centimeter below the top of 
the stump. This experience indicates that the host plant would 
readily take the parasite into its vascular system when wounded in 
mowing or cultivation. Nearly all of the inoculations made thus 
far have been made by cutting stems or roots under bacterial sus¬ 
pension or with a razor wet with bacterial su^ension, and in no 
case has infection failed to result. 

The second method of inoculation, tried with pure culture but 
once in the field, consisted in removing the soil from around the 
crown and scraping the bark of the taproot, taking care not to penen 
trate the wood, and then applying a bacterial suspension to the 
scraped surface. This inoculation was made July 17. On Sep¬ 
tember 22 ten of the inoculated plants and 10 of the injured but 
uninoculated controls were removed for examination. The un¬ 
inoculated plants had healed, and showed no deep injury. The 
inoculated plants, however, while showing little injury on the sur¬ 
face, had reddish-brown lesions in the cortex beneath the wounds 
extending down into the wood. Vascular infection occurred in all 
of these plants, sometimes only immediately above and below the 
discolored spot in the wood. It was thought that some of the 
small roots might possibly have been cut accidentally by the instru¬ 
ment when the taproot was scraped and that the infection might 
have gained entry into the taproot in that way, so slides were made 
of the discolored cortex to find out whether the vascular tissue of 
any of the small roots had been cut, but examination of the slides 
failed to reveal any such avenue of access for the infection into the 
taproot. From eight lesions isolations were niade from cortical 
tissue only, and in seven cases abundant colonies of the parasite 
were obtained. From this it appears that the parasite can make 
its way through parenchyma from superficial wounds to the vascular 
tissue, causing more or less cortical crown or root rot. These reddish- 
brown lesions have been found in abundance in one 3-year-old field 
of alfalfa which was dying very rapidly from this disease, and the 
parasite has been isolated readily from such cortical injury. This 
type of injury by the parasite deserves further study. 

DISTRIBUTION OF THE PARASITE WITHIN THE HOSJ* 

Whatever the manner in which the parasite gains entrance into 
the vascular system, it travels in that system slowly, passing through 
the crown from root to stem or from stem to root with equal facility. 
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The bacteria in the vessels may be seen in razor sections as a more 
or less deeply colored yellow mass filling the entire cavity (pi. 4, A), 
The cell wall and also the contiguous wood fibers usually remain free 
from color, at least for some time. The yellow material in the ves¬ 
sels becomes denser and darker in color with age, until the lumen of 
the cell is filled with a vellow gum. Whether this final material is 
of bacterial origin or is deposited by the plant is not known. 

The vessels of the root that are filled with bacteria are usually the 
outermost ones, those nearest the cambium, and are more or less 
densely scattered around the entire circumference. In older roots 
they are rarely found in vessels near the cpter. From superficial 
examination it appears that the reason for this distribution is that the 
bacteria, whether they enter through the cortex or come down from 
stems, find their way into, or have the most unobstructed entrance 
into these outermost vessels, which anastomose freely around the 
entire circumference but which connect radially only rarely if at all. 
In the stems there appear to be no tangential connections; the bac¬ 
teria in passing upward apparently follow only those vessels which 
they entered at the base. In fact, all of the sections of stems that 
have been observed have shown a diminution in the number of 
clogged vessels from internode to internode progressively upward. 

Invasion of the stem seems to follow the maturity of the tissue*. 
Little or no invasion has been found in young shoots, even when they 
show conspicuous evidence of disease, which suggests that disease 
symptoms are largely if not wholly the result of bacterial action in the 
roots. Extensive invasion of stems has been found, both in the green¬ 
house and the field when there was very little or no evidence of disease 
in the foliage. Stems grown in the greenhouse from roots inoculated 
by dipping ends of taproots which were cut 10 inches below the crown 
in bacterial suspension and grown under favorable conditions have 
yielded cultures of the parasite from petioles of leaves 3 feet above the 
point of inoculation before visible symptoms have appeared. 

Does Vascular Invasion Extend to the Seed 

Some of the plants described above blossomed abundantly, but 
even with hand pollination they set only a few seed pods, Six of 
these plants were examined as soon as mature, by plating the pedicel, 
the pod, and the seed removed aseptically from the pod. One pedicel 
gave a few colonies of the parasite, but none were obtained from the 
pods or seed. The few remaining pods were accidentally lost. 

The fact that bacteria have been found in leaves and so close to 
seed suggests strongly that they may at times enter the seed itself, and 
in this way be carried to new fields in viable seed. In order to explore 
this possibility further some days were spent in late Auglist and early 
Septeniber in seed fields in Kansas and Idaho whei'C the disease was 
found in greater or less abundance in seed plants. As was expected, 
some of the severely diseased and stunted plants in the field produced 
no blossoms, while numerous others produced blossoms but set no 
seed. A few infected plants were found that showed but slight evi¬ 
dence of disease in the foliage, and were vigorous enough to mature 
more or less seed. 

The collection of infected plants bearing seed and taken to the labo¬ 
ratory for study has not yet been completely examined; but thus far 
^the parasite has not been isolated from the seed. 
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EFFECT OF TEMPERATURE ON THE PROGRESS OP THE PARA¬ 
SITE THROUGH THE PLANT AND ON THE DEVELOPMENT OF 
DISEASE 


Ill a prorntiiiiary imxailation in the greenhouse, 2-year old alfalfa 
plants transplanted from the held early in January and now in blos¬ 
som were inotnilated l\v (‘utting ba<*-k the stems close to the crown 
with a razor dipped in a l)a<‘terial suspension. Five pots containing 
three inocubitcai plants each, and two pots with uninociilated plants, 
were placed in (uu‘h of thrc'e greenhouse compartments maintained, 
with only a little fluctuation, at 1 h®, 24°, and 28° C. Inoculation was 
made March 2. On M arch 23, no evidence of disease having appeared 
in the foliage, the tops were cut back. By April 2 inoculated plants 
in 2 pots held at 2(S° showed typical symptoms in dwarfed foliage, 
and 4 inoculatol plants held at 24° showed less advanced symptoms. 
On May 4 all remaining i)lants were removed from the soil and 
examined. Twelve of the 15 inoculated plants that were held at the 
highest temperature (28°) showed more or less vascular invasion 
in the taproot; a like number showed no infection at the intermediate 
temperature (24°); while all plants held at the lowest temperature 
(16°) were infected, but they showed relatively little vascular invasion 
and no evidence of disease in the foliage at any time. 

A more critical study of the effect of temperature upon the progress 
of the parasite through the vascular system was attempted in the 
Wisconsin soil-temperature tanks. Alfalfa roots similar to those 
used in the preceding experiment were cut off about 10 inches below 
the crown and inotuilatcd by standing them in a bacterial suspension 
when they were transplatited from the field. Inoculation made in 
the root permits a more satisfactory control of temperature at the 
point of inoculation than inoculation at the crown. Transplanted 
roots placed immediately at high temperature rot easily; most of one 
series of plants placed at temperatures from 9° to 33° C. was lost on 
this account. The upper limit of temperature at which the parasite 
will flourish in the host has not been determined. 

Another group of plants inoculated as in the preceding trial were 
transplanted in like manner and placed in temperature tanks held at 
9°, 12°, 15°, and 18° C., to determine the lowest limit of temperature 
at which advance through the vessels takes place. Three plants were 
placed in each can, and four cans were placed at each temperature. 
Inoculation and planting was done »January 14. At the end of Jan- 
uaiy, one of the plants held at 18° had bacteria in abundance in the 
lower half of the root, but few in the upper half. On February 11a 
number of vessels in one of the plants held at 18° were found plugged 
close below the crown. In one of the plants held at 12° only a few 
bacteria were present even 4 inches above the cut end. On March 3 
bacteria were isolated from the petiole of a leaf more than 2 feet 
above the ground on a plant grown at 18° soil temperature, At 
mid-April it was no longer practicable to maintain a soil temperature 
at 9°, At this time one plant in this series showed slight dwarfing 
typical of the disease, but in none of the stems were bacteria found 
more than 8 inches above the crown. Thus even at this low tempera¬ 
ture of 9° bacteria had advanced through the root into the stems, and 
had been able to produce some slight symptoms of disease. So there 
was no temperature in this series that was low enough to prevent the 
development of the parasite in the plant. 
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When all of the plants were cut back on May 10 none showed strik¬ 
ing symptoms of disease. Shortly after this the plants were acci¬ 
dentally allowed to dry up. Examination showed, however, that new 
growth of wood outside the diseased tissue was taking place, indicating 
a partial or temporaiy recovery. 

Thus it appeai-s that bacteria pass through the vascular tissue of 
the root at least slowly, even at a soil temperature as low as 9° and 
readily at 12° or 15° C.; but under the conditions of this trial none of 
the plants were killed in five inonths—even the symptoms of disease 
were not striking—and new uninvaded wood mowth produced on the 
outside of the taproot suggested that these plants were likely to live 
and perhaps to thrive for a long time. 

Further study of the effect of temperature upon the passage of 
bacteria through the host tissue must be made; but it is even more 
important, though certainly more time consuming, to determine the 
effect of temperature upon the longevity of infected plants. 

HOST PLANTS 

The only legume growing in close association with diseased alfalfa 
which has shown disease with similar symptoms is sweet clover. 
Sackett {12) states that alfalfa and sweet clover are both affected in 
Colorado. This statement seems to be based on observation of 
symptoms rather than upon any experimental demonstration of the 
common origin of the disease in the two plants. In preliminary trials 
which have been made to inoculate white sweet-clover plants with the 
alfalfa parasite disease has not been produced.® _ A few plants of red 
clover and of several annual legumes have been inoculated by intro¬ 
ducing the alfalfa parasite into the vascular system; but in no case 
has it made extensive growth in these plants or produced symptoms 
of disease. 

DISCUSSION 

Although a discussion of the importance of this disease and its 
relation to cl matic factors based on observations made during a 
single season as described previously is necessarily a record which 
may need modification later, nevertheless it may be worth while to 
record those impressions. Bacterial wilt of alfalfa has not been 
found thus far a disease of seedlings or young plants, but chiefly of 
plants 3 years old or older. For the most part it occuis more fre¬ 
quently in alfalfa fields in regions where this crop has been grown 
for a considerable number of years. The disease also appears to 
increase in abundance and also in the rapidity with which it spreads 
through fields and destroys plants in a direct relation to the abun¬ 
dance of water supplied to the surface of the soil. Thus, although 
the disease may occur in occasional plants in old fields where annual 
rainfall is as low as 20 inches, it appears rarely to be destructive until 
rainfall exceeds 25 inches. Nearly all of the badly diseased non- 
irrigated fields have been in territory with rainfall between 30 and 
40 inches. When water is supplied by irrigation, the disease has 
been found thus far absent or very scarce where fields are subirri¬ 
gated, the surface soil remaining dry during most of the summer. 


* Sauce the above was written, infection of white sweet clover has been secured readily in the green- 
loase^ apd a wilt of sweet clover produced by Aplanobacter insidiosum has been found in one Wisconsin 
the sweet clover seed was sown among diseased, alfalf plants. 
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When surface irrigation is used, the disease has been found largely 
along irrigation ditches in the more porous soils. It is more abundant 
throughout fields when soil is retentive of moisture, remaining wet a 
relatively long time after water is applied. 

If these generalizations are confirmed in following years, then it 
appears that this disease will never become important in the drier 
part of the United ^States where alfalfa has been most extensively 
grown in past years; but increasing trouble may be anticipated in 
the more humid regions, especially in the centraf Mississippi Valley, 
where the crop has been grown more extensively in recent years. 

CONTROL MEASURES 

Until the life history of the parasite has been completely traced, 
and until the conditions which favor infection and the rapid death 
of the plants are better known, control measures can be suggested 
only for trial. The absence or scarcity of the disease in the drier part 
of the alfalfa-growing area of the United States indicates that the 
disease is not likely to become established or injurious there in the 
future. Ejffective control is of interest in those irrigated districts 
where the disease has already appeared, and in the warmer and more 
humid States where the disease threatens to check the present expan¬ 
sion of alfalfa culture. 

Although the transmission of the parasite within or with the seed 
has not yet been demonstrated, it must still be reckoned as a possi¬ 
bility; and therefore seed from disease-free fields should be chosen if 
possible. The present knowledge of the distribution of the disease 
is so incomplete that it can not be said with certainty that the disease 
is absent from any seed-growing district, although in most districts 
it probably occurs in only a small number of fields. Generally 
speaking, the climatic conditions most favorable for seed production 
seem unfavorable for the development of this disease, so in any case 
the amount of diseased seed on the market can not be large. Whether 
the parasite is carried with seed or not, it is undoubtedly carried in a 
livin'g condition for a long time in alfalfa hay. The survival of the 
organism for five months in hay has been demonstrated, and beyond 
doubt it lives much longer. Such hay scattered in new fields could 
undoubtedly, under favorable conditions, be a source of infection. 

After the disease has appeared in a field it seems to be distributed 
principally by natural agencies—e. g., the flow of surface water— 
agencies which can hardly be controlled. However, in one instance, 
the most rapid distribution seemed to be in the direction taken by the 
mower across a diseased strip. Presumably the mower in cutting 
diseased stems became smeared with the bacteria, which were carried 
to the cut stems of healthy plants. Spreading by the mower will 
undoubtedly be greatly lessened if fields are cut only when they are 
dry. 

In irrigated fields the disease has been observed to spread with the 
flow of irrigation water over a group of diseased plants. When 
the disease has appeared in an irrigated field care should be taken to 
use no more water than is necessary, and any cultivation of the field 
which wounds the crowns when the soil is wet should be avoided. 

The length of time during which the parasite will persist in the soil 
after a diseased alfalfa field has been plowed has not been determined. 
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However, disease in new plantings on old fields has been observed 
in several instances to have spread from old diseased crowns that 
survived an intervening period of cultivation. Fields where the 
disease has been should not be replanted to alfalfa until all the old 
plants which can carry such infection are dead and thoroughly 
disintegrated. 

CULTURAL AND MORPHOLOGICAL CHARACTERS OF APLANO- 
BACTER INSIDIOSUM L. McC.^ 

The junior writer's study of this organism began several months 
after the senior writer discovered the alfalfa disease in Wisconsin, 
and after he had made isolations and accomplished infections with it 
that proved it to be of bacterial origin (4). Bacteria isolated by the 
senior writer and diseased alfalfa plants were sent to Washington, 
D. C,, where the following study of the characteristics of the organ¬ 
ism was made in the Laboratory of Plant Pathology of the Bureau 
of Plant Industry of the United States Department of Agriculture. 

A brief description of the organism and the name selected has 
already been published (6).^ 

The senior writer provided several lots of diseased alfalfa plants 
from Wisconsin. Some of these were field plants with natural infec¬ 
tion, and others had been inoculated by him. Isolations made in 
the Washington laboratory from these plants consistently produced 
the same type of bacteria that the senior writer had isolated in Wis¬ 
consin. 

In order to have definite proof of the pathogenicity of the organ¬ 
isms isolated by the junior writer, a number of healthy alfalfa plants 
growing in the greenhouse in Washington were inoculated. Typical 
infections were obtained in every case, and the reisolated organ¬ 
isms were identical in character with those used for the inoculations. 

The thought that this disease might possibly be caused by Bac¬ 
terium solanacearum or Bacterium mmicaginis was soon dismissed, as 
the organism isolated from the diseased tissues showed characters 
distinctly unlike either of those organisms or any other described 
plant pathogen. 

BACTERIA IN THE PLANT 

In infected plants that show but slight outer manifestations of 
disease the vascular system often contains bacteria from the tip of 
the root to the very top of tall stems. Recently infected tissues 
show no discoloration or other unusual symptoms to the naked eye, 
but a microscopic examination reveals bacteria in the vessels. In 
older infections many vessels are filled with a yellow to brown, fine 
granular or gumlike substance (old bacteria?b and others are filled 
with the colorless bacteria. The bacteria do not diffuse very 
readily in the water of the rnount; but in heavy infections enough 
bacteria escape to form a milky clouding about the sections. The 
bacteria are small and nonmotile; and these characters, together with 
the location of the bacteria in the vessels, make diagnosis of the 
disease comparatively easy. 


* I» Migula’s (.9) classification the genus name becomes Bacterium. In the classification recommended 
by tm Committee on Bacteriological Technic of the Society of American Bacteriologists (IS) the genus 
name is given as Phyiomoms, 
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ISOLATION OF THE BACTERIA 

In selecting tissues for isolation purposes, it is best to choose, if 
possible, those without dark-colored vessels. The older, dark tissues 
are more likely to contain secondary organisms. 

Two methods have been used in making isolations. In one the 
woody cylinder is removed with sterile instruments without previous 
surface sterilization. 

The other method, which is much easier and just as successful, is 
to take the selected root or stem (at least an inch in length), remove 
the surface irregularities, put it into 95 per cent alcohol for 3 to 5 
seconds, then burn off the alcohol and rinse in water, then with 
sterile instruments remove and discard the cortex. Then, whichever 
method has been used, the central woody part should be cut or 
shredded into small bits, put into broth, and shaken well several 
times before plating. The agar for the isolation plates may be 
inoculated directly from the bouillon containing the finely divided 
tissues, or from dilutions. Rather heavy inoculations should be 
made, for although the bacteria may be present in great numbers, 
many of them are apparently dead, or much reduced in vitality. 
Usually 10 centimeters or more of uninoculated agar is poured into 
the plate, and then the tube of inoculated agar poured on top of this. 
The additional media keeps the culture from drying out while the 
slow-growing colonies are developing. 

Plates should be kept under observation for at least 15 days. 
The colonies are seldom visible before the fifth day, and in a number 
of instances they were not visible until several days later (pL 4, B). 
In one case the colonies were not visible until the thirteenth day. 
A temperature of 20° to 23° C. is the best temperature for growth. 

Pure cultures of the alfalfa bacteria have been obtained in many 
isolations, but frequently there are rapidly-growing antagonistic 
white bacterial colonies along with them which absolutely inhibit 
the growth of the alfalfa bacteria within a radius of 10 to 15 milli¬ 
meters. With several of these antagonistic colonies scattered over a 
plate, it is useless to expect any of the alfalfa colonies to appear. 
This intruder has been found more often in plates from roots than 
from stems. 

The alfalfa organism has been isolated repeatedly by the junior 
writer from plants grown and artificially infected in Washington, 
and from plants sent to Washington from Wisconsin. Later in the 
season the senior writer sent diseased plaivts from Alabama, Colorado, 
Illinois, Kansas, and Mississippi, and the organism was isolated from 
all of them. 

Successful isolations have been made from alfalfa stems that had 
been pressed and kept at room temperature for five months. There 
was apparently no reduction in numbers or vitality. 

Colonies selected from the different isolations have been com¬ 
pared and studied in regard to morphology and cultural characters. 

MORPHOLOGY 

In the host plant and in cultural media, the organism is a short, 
nonmotile rod, rounded at the ends, occurring singly and in pairs. 
No chains have been found in any medium. Single rods are 0.7 to 
1 by 0.4 to 0.5 /xj the paired rods are 1.8 to 2 by 0.4 to 0.5 ju. The 
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size varies considerably in any given culture, but difference of media 
does not seem to affect the size; nor does the age of the culture, 
within reasonable limits, affect the size, except that in quite old cul¬ 
tures there is a larger proportion of small sizes. Irregular shapes are 
found occasionally in most media, and in Dunham’s solution about 
half of the bacteria are lunate or some other unusual shape. 

The organism stains well with ZiehPs carbol-fuchsin, gentian- 
violet, Loeffler’s methylene blue, methyl-violet, dahlia, and safranin. 
No spores have been found. Capsules are formed in most media. 
They are best demonstrated from young beef-agar cultures stained 
with Ribbert’s dahlia stain. 

Much time has been given to examinations for motility. Cultures 
of various ages grown on various media and at various temperatures 
have been examined. Occasional paired rods are seen which appear 
to have a slight motility; these swing about in a half circle, turn over, 
and sometimes change position slightly with reference to other rods. 
These motile (?) individuals are rare, and so far all attempts to 
demonstrate flagella have failed. With the Casares-Gil method, 
one colony (2001) has twice shown a few rods with a single, very 
short projection or line of small dots at one pole. These do not 
look like flagella but rather like a bit of slime. The growth is viscid, 
and it may be that these structures are projections or parts of the 
capsule. With Van Ermengem’s method no better results were 
obtained. The organism is Gram-positive, and is not acid-fast. 

CULTURAL CHARACTERS 

The following cultural characters have been described from cul¬ 
tures grown at or as near 23° C. as possible, as this seems to be the 
most favorable temperature for the organism. The beef media were 
made from beef infusion, unless otherwise stated. The Ph values 
were adjusted to 6.8 or 7. Ridgway’s color standards {10) have 
been used. 

The organism is slow in growth; and, except on sugar media, the 
amount of growth is only scanty to moderate, and quite often a set 
of cultures fails to grow at all. This uncertain character of growth 
necessitated the repetition of many experiments. Solid media are 
more favorable for growth than liquid. In many cultures the bac¬ 
teria seem reluctant to grow in the moistcr parts'of the tube. 

Beep-Aoar^ Poured Plates 

On beef agar the growth is very slow, and the colonics do not 
attain a visible size for several days. The time of appearance 
depends on the vigor of the organism, the temperature, and the 
medium. When plated directly from diseased alfalfa tissues, in beef 
infusion agar of a favorable Ph value (6.8 to 7), and kept at a favor¬ 
able temperature (22° to 24° C,), the colonies are usually visible 
with a hand lens in five days. When plates are inoculated from 
cultures that have become accustomed to artificial media, the colo¬ 
nies appear in three to four days. Under unfavorable conditions the 
growth IS so slow that the agar often dries out before the colonies 


6 b«ef media used were made with beef infusion plus 1 per cent of Difeo peptone. 
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reach a visible size. If the medium retains sufficient moisture; 
colonies may appear in the plates 10 or more days after inoculation. 

The surface colonies are at first white and rather thin. If well 
separated and with other conditions favorable, they become thicker 
and yellow. The surface color is pale-yellow, the reverse side being 
deeper in color (Naples-yellow). The colonies are circular, smooth, 
and shining; flat to slightly convex; margins entire. The structure 
is homogeneous; under the lens or microscope, finely granular. 
Occasionally, in unusually vigorous growth, the interior has numer¬ 
ous, small, irregular, transparent cracks, rather generally distributed 
through the colony. After a few days these fill in with the usual, 
fine, granular, nearly opaque growth. Submerged colonies are 
dense, opaque, yellow; mostly elliptical or spindle shaped; coarsely 
granular under the microscope. Well isolated surface colonies 
attain a diameter of 7 millimeters; one measuring 9 millimeters was 
found. In average platings the colonies are 2 to 4 millimeters in 
diameter when 9 to 10 days old (pi. 4, B). The growth is viscid, yet 
soft enough in some cases to flow over the margin of the colony when 
the plate is placed on edge. When old and dry, the colonies, both 
surface and buried, are transparent and pale-amber. Very rarely 
an old colony has in the center a few specks of blue color, visible 
only with a lens. 

Beef Agar Plus 1 Per Cent Dextrose, Poured Plates 

Growth is encouraged on this medium. Some surface colonies 
are 0.5 millimeter in diameter on the fifth day, and 5 to 6 milli¬ 
meters on the ninth day. The characters of growth are the same as 
in plain beef agar, except that the growth is more rapid and less 
viscid or not at all viscid. 

When two to three weeks old, if the medium has not dried out 
too much, some of the well-isolated surface colonies become con¬ 
siderably changed in color by the formation of blue and violet pig¬ 
ments in the growth. The brightly colored granules most often 
develop in the center of the colony, or in a wide border about the 
center. Usually there is a blue central area surrounded by a narrow 
violet zone. Sometimes the colony has either blue or violet alone, 
and sometimes both colors occur irregularly scattered through the 
colony. In colonies 4 to 6 millimeters in diameter the colored spot 
varies in size from a mere point to an area 3 millimeters in diameter, 
and the colors persist, even in old, entirely dry plates. The colors 
show best on the lower side of the colony. Seen from above through 
the yellow growth the colors are less vivid, often merely bluish or 
greenish gray. Small or crowded colonies rarely develop these colors, 
and even in the larger well-isolated colonies the formation of color 
is uncertain. In adjacent colonies that apparently have the same 
conditions, one may have only blue, another only violet, another 
both colors, and a fourth no color. 

Potato Agar Plus 1 Per Cent Dextrose, Poured Plate 

This is a favorable medium, and growth on it is as good or better 
than that in beef agar plus dextrose. Colonies often are 6 millimeters 
in diameter five days after becoming visible. They are almost color- 
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less at first, like boiled starch; the surface is smooth, and the mtmor 
is full of irregular, transparent cracks which later disappear. Blue 
and violet colors develop as in the colonies on beef plus dextrose. 

Ye AST-Agar Poured Plates 

Colonies in this medium are more elevated than those on most of 
the other media, small crowded colonies being practically hemis¬ 
pherical in elevation; opaque; Naples yellow. Submerged colonies 
are spherical, lenticular, or angular in shape; those near the surface 
are usually large and often bursting out with growth on one side. 
This medium retains its moisture rather better than beef media, the 
growth continues longer, and the blue and violet colors are less likely 
to appear in the plate growth than in tube cultures on the same 
medium. 

Whey-Agar Poured Plates ® 

Colonies on this medium are more elevated than those on beef or 
potato agars but less than those on yeast agar. The colonies enlarge 
rapidly and coalesce to form large areas of smooth, shining growth, 
which is at first nearly colorless and contains numerous transparent 
cracks but later becomes yellow and practically opaque. Blue and 
violet granules develop still later, as in beef plus dextrose plate 
colonies. 

Beef-Agar Slants 

Inoculations made from liquid cultures produce a unifomi layer of 
growth, very thin and colorless for several days, becoming moder¬ 
ately thick and pale yellow. In the V there is a somewhat thicker 
area, and it is deeper in color (Naples-yellow). Streak inoculations 
made from agar cultures produce a moderately thick growth along the 
inoculated line, with a slow outward spread of thin transparent 
growth having entire, smooth margins. Growth is never abundant, 
and when some weeks old (at room temperature) it is thin and trans¬ 
parent, except in the small^ thicker area in the V. Cultures at 
lower temperatures (4° to 7° C.) and subject to less evaporation, 
retain a moist, almost opaque growth for at least five months. The 
growth is viscid. With a loop it can be stretched out 30 to 40 milli¬ 
meters before one end or the other loosens and contracts like a bit 
of rubber. At room temperature this viscidity gradually dnnin- 
ishes after about the twelfth day. There is no clouding below the 
V. There is no odor, and the medium does not change in color. 
When old, a very few cultures have had a trace of blue in the V 
region, and this was found only with the aid of a lens. The growth 
is fine granular in structure. Pseudozoogloeae have been observed 
in old cultures, but they are smaller and less noticeable than those 
in agar containing sugar. 

Beef-Agar Stabs 

There is a moderate amount of pale-yellow, smooth surface growth 
which soinetunes is soft enough to flow like a thick liquid. The 
stab remains visible as a fine granular line of no particular character. 


^ ^ Fresa Hulk. Boil gently for 5 minutes, then add drop by drop 20 per cent HCl until all the casein 
IS jHecipitated. Remove the coagulum by straining through cheesecloth. Neutralize the whey and add 
to,each liter: 300 c. c. H 20 ,3 gm. gelatin, 15 gm. cane sugar, 15 gm. peptone, 15 gm. agar. Steam H hour,, 
. clear with egg albumen, filter, tube, and autoclave. 



Sept. 15, 1926 


Bacterial Wilt and Boot Rot of Alfalfa 


507 


Neither slant nor stab cultures in beef-extract agar gave growth 
as good as that on the beef infusion media, and the growth was not 
viscid. 

Beef Agar Plus 1 Per Cent Dextrose 

On this medium growth is more abundant than on plain beef 
agar. The thick, but not entirely opaque, smooth Naples-yellow 
growth covers the surface of slants or stabs, and the V of slants fills 
with growth. In young vigorous cultures there are small, irregular, 
transparent cracks in the growth. Growth extends downward 
between the tube wall and the medium. In stabs the needle path 
remains visible as a dense granular line. There is an acid reaction 
from the dextrose, which causes a slight greening of the medium. 
This acid condition disappears later, and a blue color begins to re¬ 
place the yellow color of the growth until the bacterial growth in the 
lower part of slants is dark blue-gray. 

Beef Agar Plus Lacotse 

Growth is much like that on beef and dextrose, except that the 
blue discoloration begins earlier and becomes more abundant. 

Yeast Agar 

This medium is very favorable for growth. The surface becomes 
covered with a moderately thick, smooth, shining, Naples-yellow 
growth. Blue and violet flecks have been observed as early as the 
fourth day, but usually this discoloration does not begin until later; 
in some cultures no blue was seen until after five weeks. Eventually 
the blue granules that, cause this change in color are so numerous 
that the growth becomes dark blue, with the original yellow color 
visible only at a few edges or in the lower part of the V. On old, 
rather dry cultures, the dark bacterial surfaces have a copper to red 
iridescence. In stab cultures the stab remains visible as a granular 
line. Numerous, spindle-shaped pseudozoogloeae develop in old 
cultures (pi. 5, B). 

Whey Agar 

Growth is more abundant on this medium than on any of the 
other media used. On the slants it is thick, opaque, smooth, Naples- 
yeUow. In the V of slants, where there is a thicker accumulation, 
it is mustard-yellow. In young cultures the growth is full of small, 
irregular, transparent cracks. Heavy clouding extends along the 
wall below the V to the base of the tube. The cultures remain 
moist much longer than in other agars. Cultures kept at room 
temperature for three months still retained some moist areas of 
growth. The blue discoloration is also very striking. Large areas, 
and often the whole of the growth, become dark blue. The medium 
is slightly greened. Numerous spindle-shaped pseudozoogloeae are 
found in old cultures. 

Potato Agar 

Growth is moderate, and the blue granules develop as readily and 
as abundantly as they do in cultures on potato agar to which sugar 
has been added, but the general color is less blue. Payne^s gray 
and slate-gray are close matches for the color of the cultures. In 
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some slant cultures a fugitive blue-green color was observed in the 
medium before the growth became visible. This color is probably of 
the same nature as that often seen on potato cylinders before the 
bacterial growth becomes visible. 

Potato Agar Plus Dextrose 

On this medium the growth is only moderate, being thin and 
colorless at first, then becoming thicker and pale yellow. The 
medium is greened slightly. In stab cultures the medium just below 
the surface (upper 4 to 5 mm.) becomes opaque, as though some 
growth had invaded the medium. This opaque area is irregular at 
the lower margin. In slant cultures there is a moderate amount of 
clouding below the V along the tube wall. No pseudozoogloeae 
have been observed. As in other media containing dextrose, blue 
granules develop in the growth. The blue discoloration is con¬ 
siderably less than in whej^- and yeast agar cultures, and it often 
consists only of rather thinly scattered specks. Other cultures may 
have fairly large areas of gray-blue color, and under the lens bright 
blue and green colors are seen. 

Potato Agar Plus Lactose 

There is better growth and more blue color on this medium than 
either the plain potato or potato plus dextrose. The whole of the 
growth layer becomes dark blue, with just a line of yellow along the 
margins or in the base of the V in slant cultures. 

Alfalfa Agar 

Growth is good on this medium, but not as abundant as on whey 
or yeast agar. Kather colorless at first, like boiled starch, becoming 
pale yellow. The interior is filled with small irregular cracks, produc¬ 
ing a mottled or coarse granular effect. The surface is smooth and 
shining. The growth is not viscid. The medium is greened slightly 
more than other media containing dextrose. The blue discoloration 
begins early and gives a blue or green-gray color to the growth. 

Lactose Agar 

On a medium composed of 2 per cent lactose, 1 per cent Difco 
peptone, and 1 per cent agar, there is a fairly good growth, which in 
four to six days has considerable blue and occasionally some violet 
color. Agar with lactose or peptone alone failed to give more than 
a very scanty white growth. One reason for the scanty growth in 
the lactose medium may be the fact that as there is no buffer present 
it has not been possible to keep the medium at a Ph value favorable 
for the organism. 

Beef Bouillon 

Beef bouillon of a favorable Ph value (6.8 to 7.0) rather heavily 
inoculated from a vigorous culture will cloud at a favorable temper¬ 
ature (22° to 24° C.) in 24 hours. If the medium or the temperature 
is even slightly unfavorable, it is not unusual for the clouding to be 
delayed until the third day or even later. The clouding, which 
wver becomes heavy, is usually uniformly distributed throughout 



Bacterial Wilt and Root Rot of Alfalfa 


Plate 5 



A. Aplamhacter imidiosum grown on beef agar for 24 hours. Stained with Ribberts’* capsule 
stain. X about 1,200 

B. Pseudozoogloese in yeast-agar culture of Aplanobacter imidiosum. X 6 

C. Blue and gray-blue color developed in cultures of Aplanobacter imidiosum on whey agar (a), 
bean agar (b), and potato-dextrose agar (c), in contrast with absence of color on beef agar (d) 
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the broth, but if cultures under unfavorable conditions are not 
disturbed for some days the clouding often begins in a restricted 
area either against the wall or near the surface. The clouding may 
be considerable in these areas, while other parts of the medium 
remain clear until the tube is disturbed. This restricted character 
of growth seems to indicate a nonmotile organism. N6 pellicles are 
formed, and no rims except thin, iiTegular ones on cultures at low 
temperatures (2® to 8° C.) after eight weeks of growth. (Cultures 
in beef bouillon plus dextrose readily form thin, white rims.) The 
sediment is scanty, viscid, and slightly yellowish. After eight to 
ten weeks at room temperature the bouillon is usually clear. At 
,low; temperatures (2° to 8° C.) clouding persists for at least four 
months. 

Beef-Gelatin Plates 

On plates held at 20*^ C. tiny points of growth become visible on 
the fourth or fifth day. These grow slowly, requiring 12 to 25 days 
to reach the maximum of 3 millimeters in diameter for well-isolated 
colonies. The growth is at first very pale yellow and opaque; when 
old it is Naples ^’'ellow and transparent. Under a lens or microscope 
the margins are finely serrate or toothed. By the tenth day the well- 
isolated colonies are sunken in a shallow depression, but there is no 
liquid evident until about the fifteenth to eighteenth day, when the 
largest colonies are surrounded by depressions 7 to 8 millimeters in 
diameter. The depressions are shallow, entirely free from clouding 
and have smooth margins. A few of the larger depressions show a 
mere trace of liquid. After this time (10 to 15 days) both growth 
and liquefaction apparently cease, as there is no change, and the 
medium finally becomes dry. Thickly sown plates show some 
softening of the gelatin when about 2 weeks old. When 4 weeks old 
the gelatin flows only slowly when plates are put on edge. 

Gelatin Stabs 

If inoculated from agar cultures the stab remains visible; if inocu¬ 
lated from liquid cultures it is invisible. A tiny pit forms in the sur¬ 
face, and this gradually spreads to the walls and deepens. In two 
weeks the depth of liquefied medium varies from 8 to 10 milliHieters. 
It is cloudy, and the sediment is pale-yellow; no surface pellicle or 
rim. After three months cultures held at 18° to 23° C. are not 
entirely liquefied. 

Potato Cylinders 

There is considerable variation in the potato-cylinder cultures, 
some of which is due to differences in moisture, in temperature, and 
in the potatoes, and some doubtless to the reaction of different colo¬ 
nies. In general, at room temperatures, the potato does not discolor 
(pi. 6, C) and growth becomes visible about the third day after 
inoculation, as pale yellow, shining areas. This growth spreads over 
a considerable part of the cylinder , and becomes moderately thick, 
smooth, shining, and usually Naples yellow in color. If there is a 
large amount of water the growth is thinner, wet, and deeper yellow. 
However, there are exceptions in which both potato and growth dis¬ 
color and follow the same course as cultures kept at lower tempera¬ 
tures. 
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At a temperature of about 16"^ C. growth begins as early, becomes 
more abundant, and continues longer than in cultures grown at room 
temperatures. The potato may not discolor but usually there are 
areas of blue, blue-green, or lavender over parts not occupied by 
visible growth. These colors may remain, but more often they 
disappear, change to dull-gray or blue, or are overgrown by the 
spread of the bacteria. The rather abundant yellow bacterial growth 
is so quickly and completely filled with tiny blue particles that the 
vellow color is visible only in the advancing margin of the most 
recent growth. This mixture of yellow and blue produces a variety 
of shades of green, from light, yellow-green to dark-green. During 
the period of most vigorous growth the predominating colors are 

citrine,” “buff-citrine,” and “olive-green.” Some areas may 
be distinctly lavender, violet, blue, or blue-green. Sometimes one 
color predominates, and sometimes several or all the colors may be 
foimd in one culture. As the cultures become older and drier the 
blue increases, and eventually the growth is a dark-blue, almost 
black. A trace of yellow remains for a time in the base of the tube, 
but this too disappears when all the water has evaporated. The dis¬ 
coloration does not invade the potato tissue. 

In parallel cultures, tubes with a scanty supply of moisture pro¬ 
duced eai'lier growth and discoloration than tubes containing a 
normal amount of water. But in the moist tubes growth continued 
for a longer period, and in the end the amount of discoloration equalled 
or surpassed that in the drier cultures. 

A number of potato cylinders were made from a single large tuber. 
These gave comparatively uniform results in amount of growth and 
discoloration. 

This discoloration of potato cylinders has occurred only occasionally 
at 23° to 25° C. and has not been seen at all in higher temperatures. 
Cultures grown at temperatures from 20° to 2° C. always became more 
or less discolored. 

Alfalfa Roots 

Pieces of alfalfa root were sterilized and used as a culture medium. 
On these the growth was scanty and of no special character. Some 
areas of the root, usually just above the water level, became blue- 
green in color and the water clouded. On the eighteenth day all the 
water was poured out of the tubes but no better growth resurted from 
this treatment. Three weeks later some of the cultures had on the 
wall of the tube small colonylike growths of pale yellow and many of 
these had bright blue centers. In a microscopic examination these 
blue areas were found to be composed of blue bacteria. 

Milk 

Five days after inoculation (at 22° to 25° C.) a pale-yello# color 
appears on the surface. This slowly increases to a depth of 3 to 5 
rniUimeters and deepens in color to between “cream-buff” and “cham¬ 
ois.” Ten to twelve days after inoculation there a shallow layer of 
whey on the surface, but no noticeable curd until tll%|j^teenth day. 
The whey is never very abundant, but is very cibar and bright 
yellow (antimony-yellow is nearest color). The curd remains soft, 
unifoj^ in texture, “light-buff” in color. There is no indication of 
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digestion of the curd in three months. The most striking character 
in the milk cultures is the development of color in the sediment left 
on the walls of the tubes by evaporation. This is at first (when cul¬ 
tures are 12 to 14 days old) a band of “apricot’' yellow. A few days 
later the (‘olor is duller, and with a lens there are seen, mixed in with 
the yellow, Tuiinerous flecks of bright blue and lavender. These 
flecks of color gradually increase and some of them evidently be¬ 
come darker, for later the general color of the band is dark gray-blue 
or slate-blue, which, under the lens, shows a general mixture of bright 
blue, violet, gray, and greenish shades. These colors persist for at 
least three months. Sometimes the whole culture became pale blue- 
green in color on the third or fourth day after inoculation at 22® to 25® 
C., and earlier at 17® to 20®. This color was scarcely noticeable at the 
higher temperatures but was very definite at the lower temperatures. 
It persisted for only about 24 hours. At 17® to 20® the blue discolora¬ 
tion in the rims begins earlier than at 22® to 25®, and often extends over 
the surface of the culture, but the curdling of the milk does not seem 
to be hastened. Tyrosin crystals are abundant in old milk cultures. 

Litmus Milk 

In four to five days at 22® to 25® C. the first change occurs, this 
change being the appearance of yellow in the surface layers and a 
trace of reduction. Keduction is complete in 8 to 10 days. No red¬ 
dening at any time. After five weeks the litmus color begins to 
return slowly'. In the evaporation band bright colors develop as in 
the plain milk cultures. 

Methvlenb-Blub Milk 

Reduction depends, evidently, on the vigor of the inoculating 
material. In some tests complete reduction occurred in 24 hours, 
and in others it was delayed and was not complete until the eighth 
to tenth day. After three months the whey is pale greenish-yellow, 
or in tubes where the whey has evaporated there is a thin layer of 
greenish-blue on the surface of the cream-colored curd. 

Blood Skrum 

Stroke cultures on Loeffler’s blood serum at 22® to 24° C. produce a 
moderate amount of pale yellow growth, slightly rough on the sur¬ 
face, There is no liquefaction or clearing. The medium becomes 
pale cream color. 

Starch Agar 

There is a moderate e^mount of diastasic action on starch suspended 
in beef agar and on potato cylinders. Tests were made with iodine 
potassium iodide. 

Congo-Red Agar 

Stab culture gave a slow and scanty growth of dull reddish color 
in which blue granules were found in moderate numbers. The color 
of the medium was not affected. 
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Fermentation Tubes 

The culture medium was a 2 per cent Difco peptone with 1 per cent, 
respectively, of each of the following carbon compounds: Dextrose, 
lactose, sucrose, and glycerin. A. moderate amount of clouding 
developed in five days in the open ends. The amount of growth was 
equally good in all of the cultures. No gas was formed. Clouding 
remained definitely limited to the open end. Titrations made on the 
fifth, tenth, and sixteenth days showed acid production increasing in 
all for the first 10 days. After the tenth day there was a continued 
increase in acid in the dextrose, sucrose, and glycerin, but in the 
lactose a return to the original Ph value. 

These cultures gave negative results when tested for ammonia. 

Sterile milk in fermentation tubes did not produce gas. The milk 
in the open ends reacted as other milk cultures. In the closed end 
the milk remained unchanged for at least two months. 

Nitrate bouillon in fermentation tubes clouded moderately well 
in the open ends. The closed ends remained clear. No gas was 
produced. Tests for ammonia and for nitrites were negative. 

Fermentation op Carbohydrates 

Brom-cresol purple was used instead of litmus, as the indicator in 
beef agar plus 1 per cent, respectively, of the following: Dextrose, 
lactose, sucpse, galactose, and glycerin. The lactose agar showed 
only slight indications of acid formation, and this soon disappeared. 
In all the others the acid formation was evident in three to four days 
and was stronger than in lactose. In the dextrose, sucrose, and 
galactose the greenish-yellow color indicating acid disappeared in 
two to three weeks, but in the glycerin this color had not disappeared 
m three months. Growth was abundant on all these cultures. One 
of the six colonies (2021 Wis.) used in the tests always gave a stronger 
and longer continued acid development than the others. 


Reduction op Nitrates 

Cultures in nitrate bouillon and in nitrate bouillon plus sugar gave 
good growth. Tests for nitrite were made according to the method 
recommended in the Manual of Methods {IS), No trace of reduction 
occurred m any of the several experiments. Tests for ammonia 
were negative. 

Indou 


Tests were niade on cultures in Dunham’s solution, peptonized 
Uschinsky’s solution, and in a medium containing peptone, disodium 
^ j magnesium sulphate. None of these produced any 

indoL Bacillus coli grown in the same media gave good indol 
reactions. ^ 


Aerobism 


The alfalfa bacteria do not grow if deprived of oxygen. Yeast, 
whey, and beef agars known to be favorable for growth were inocu¬ 
lated, some as shake” cultures and others heavily inoculated on 
the surface, which was then covered by thick layers of agar. No 
grfwth occurred except on the surface. 
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Stabs remain visible if the inoculation is heavy and from agar 
cultures, and in some cases there may be slight growth in the upper 
part of these stabs. Stab inoculations from liquid cultures are not 
visible. 

No clouding occurs in the closed arms of tubes containing dextrose, 
sucrose, lactose, or glycerin. 

Toleration op Sodium Chloride 

A medium of peptone-beef bouillon of P„ value 6.8, and containing, 
respectively, 2, 3,4, and 5 per cent of chemically pure sodium chloride 
was inoculated from 6-day-old beef-bouillon cultures. After four 
days the 2 and the 3 per cent salt bouillons showed clouding, which 
increased until the cultures were clouded as well as the plain bouillon 
controls. Examinations were made for chains but none were found* 
No growth occurred in the 4 or the 5 per cent salt bouillons. 

Toleration op Acid and Alkali 

This organism grows best in media having a Ph value of 6.8 to 7, 
In peptonized beef bouillon with sodium hydroxide as the alkali and 
hydrochloric as the acid, the optimum is about 6.8 (+14 Fuller^s 
scale). Its limits of toleration are Ph 5.6 (+26 Fuller’s scale) on the 
acid side, and 8.2-8.4 (0 to —2 Fuller’s scale) on the alkali side. 

Ammonia 

Cultures grown in beef bouillon, nitrate bouillon, yeast agar, milk, 
whey agar, and various other media of various ages, gave negative 
results in ammonia tests made with Nessler’s solution. 

Hydrogen Sulphide 

This organism does not produce hydrogen sulphide. Lead-acetate 
agar made with beef infusion and with a Ph value of 6.8 was used 
in the tests, as both the beef extract and the Ph 7.6 recommended 
in the Manual of Methods {IS) are unfavorable for this organism. 
Other tests were made by suspending lead-acetate paper over cultures 
in various media. 

Uschinsky's Solution 

In three out of four experiments this medium showed a very faint 
milky color in six to eight days after inoculation. This clouding (?) 
did not increase. Probably a slight growth occurs in this medium if 
all the conditions for growth are favorable. 

Fermi's Solution 

In four experiments there was no sign of growth, except a slight 
clouding from one colony (2021 Wis.) in one experiment. 

Cohn's Solution 

No trace of growth. 
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Pigment Formation 

The color of the alfalfa bacteria on solid media is pale yellow 
(Naples yellow). In quite young cultures or in thin layers it is white 
or almost colorless. When grown at lower temperatures (2° to 20° 
C.) the color is somewhat deeper and has a tinge ol orange (apricot 
to antimony-yellow). This deepening of color is particularly notice¬ 
able on potato cylinders and on agar containing sugar. 

On most media there appear in this yellow growth, after a variable 
length of time, areas of darker colors, sometimes as small isolated 
streaks or spots, sometimes as fine specks generally distributed, 
which may remain restricted and make little or no increase. More 
often the darker color is rather evenly distributed in a considerable 
part of the growth, changing it to a bluish or greenish gray, often 
quite dark in tone, the normal yellow color remaining only in the 
margins of most recent growth (pL 6, A). Examination with a hand 
lens shows the presence of numerous small dark particles in the 
growth, and also bright blue and violet colors that are not always 
plainly visible to the naked eye. The colors and their intensity vary 
somewhat in different isolations, in different media, and at diflferent 
temperatures. At room temperatures the amount of discoloration 
is only moderate, except in some media very favorable for its develop¬ 
ment! At higher temperatures it has been observed only very rarely. 
At temperatures from 2° to 20° C. (from 15° to 17° seems most favor¬ 
able) the discoloration increases until it entirely, or in large areas, 
replaces the original yellow color of the growth. 

On potato cylinders there is considerable diversity in the color 
produced. Some of the variation is due to the difference in potato 
tubers. When a number of cylinders were made from one large tuber 
the results were more uniform. In general, there is first, beiore the 
growth is well established, a green or blue discoloration that seems 
to be due to a change in the potato rather than to bacterial growth. 
This color usually fades or sometimes is later covered by bacterial 
growth. The rather thick layer of growth is very quickly changed 
to various shades of yellow-gi;een, yellow-brown, blue, or \lolet, or a 
mixture of all these colors, with the normal yellow color only at the 
extreme margins. Even these margins are eventually invaded, and 
the final result is a dark blue, almost black, growth. The interior 
of the potato is not discolored. 

On potato agar and on various nutrient agars with sugar added, 
and on agar containing only 1 per cent peptone and 2 per cent lactose, 
the same colors devdop as on potato cylinders, but there is less 
olive-green and more bright blue and violet. On agar that contain 
only peptone or only lactose, the growth is very scanty and no blue 
color develops. On agar containing 1 per cent peptone and yV 
cent lactic acid (Ph 7.0), the scanty, white growth had no trace of 
blue. In plate colonies and in streak cultures in tubes the blue 
usually occupies the central part with a surrounding band or line 
of violet. The extreme margin of growth on agar is not changed 
until after growth ceases, and sometimes it never has the blue color. 
The colors remain very bright as long as the cultures are moist. 
The blues vary from a strong bright blue to dark blue, and the 
violet, ranges from pale lavender to dark purple. In tube cultures 
whole surface of growth often is uniformly dark blue in color. 
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The surface is usually smooth, and often has a brilliant iridescence of 
copper, bronze, or red-goM color. As the media dries the colors 
become duller, but even in cultures several months old there are 
isolated areas of very bright color. The violet often disappears, 
sometimes changing to green. 

Plate cultures with a restricted supply of food and moisture usually 
show the discoloration somewhat earlier than tube cultures. 

Cultures on the usual nutrient beef agar only rarely develop a 
trace of blue or blue-gray. A few tube cultures and a few plate 
colonies have had tiny blue spots, too small to be seen without a lens. 

Milk cultures have on the walls of the tubes a wide band composed 
of particles left there b}^ evaporation. This material seems too far 
away from the surface of the culture to be affected, but evidently 
there is some bacterial action in it, for this band (which in check 
tubes remains dull white) becomes dark gray-blue. A hand leijs 
shows that this colored band is composed of numerous small mosaic¬ 
like bits of bright blue, violet, and gray. The milk which eventually 
curds does not develop any of these colors. Litmus milk cultures 
have a similar band on the tube wall, but its change in color is less 
striking as it is always more or less obscured by the litmus. 

Cultures in beef bouillon plus dextrose, lactose, sucrose, or galac¬ 
tose, form white rims on the tube wall. In the rim of the lactose, 
medium, blue and violet colors develop, but only in slight amount. 
No color has been found in the bouillon cultures containing dextrose, 
sucrose, or galactose. 

A microscopic examination of the discolored growth in all these 
cultures shows that the color is due to the presence of great numbers 
of small, opaque, blue bodies, mostly spherical but some oval. 
These vary in size from mere points to bodies 9 ju in diameter (pi. 6, 
D). The greater number are less than 3 /i. There are masses 10 
to 25 M in diameter, but these are irregular in shape and seem to 
be composed of small spheres. The spheres seen singly and widely 
separated are very dark and opaque and not very definitely blue. 
When a number are massed together they have a beautiful bright 
blue color. 

In addition to the opaque blue spheres there are smaller translucent 
spheres and rods of blue and violet. These latter are similar to the 
bacteria in size, shape, and appearance, and there seems no reason 
to doubt that they are bacteria. There are also great numbers of 
normal colorless bacteria in the mounts. 

These spheres begin to develop first in isolated groups, gradually 
spreading out until they are rather evenly and thickly distributed in 
the cultures. They develop only on the surfaces exposed to the air. 

Of the 40 or more colonies that have been under observation in 
subcultures, all have developed this pigment but not always to the 
same degree. Yeast, whey, alfalfa, and beef agars containing sugar, 
potato agar both with and without sugar, potato cylinders, and milk, 
are media very favorable for this color change. Of the sugars used 
in the media, lactose seems most favorable, with dextrose, galactose, 
and saccharose following in the order named. Agar containing only 
peptone and lactose produces the color. Sometimes the discolora¬ 
tion becomes visible in so short a time (two to six days) that it can 
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scarcely be caused by old age. Usually the change does not occur 
until the growth has reached and passed its maximum, and it is 
more likely to begin in the oldest center of growth. Transfers made 
from various parts of the same culture show that bacteria taken 
from the discolored areas are very much slower in growth than 
bacteria taken from the normal yellow areas. Often they do not 
produce any growth. ^ ^ 

Exposure to direct sunlight has no noticeable eflect on the pigment. 
Cultures, also thin layers of the blue granules spread on glass, were 
kept in a south window^ for a number of days, but no change in color 
occurred, and a microscopic examination showed the blue granules 
and smaller violet bodies to be unchanged in appearance. 

When the blue growth was mixed with water the water became 
pale blue. In a corked vial this color persisted for six weeks. The 
addition of an equal amount of 4 per cent NaOH did not affect the 
color. A small amount of H 2 SO 4 caused the color to fade entirely. 
After being in water six weeks the blue granules seemed unchanged. 

Cold water does not dissolve the granules. 

Heated over an open flame in w'ater, no eflect. 

Heated to dryness over flame, no effect. 

Boiled in water in test tube for five minutes, no effect. 

In 95 per cent alcohol; not dissolved and alcohol not blued. 

In 50 per cent alcohol plus a small amount of NaOH, heated, all 
the granules disappeared. 

In 50 per cent H 2 SO 4 the granules dissolve, leaving a violet stain, 
which later disappears. 

In 3 per cent HCl; no change. 

In glacial acetic acid; no change. 

In 10 per cent NaOH the granules slowly dissolve; 5 to 10 minutes 
are required for the disappearance of average-sized granules; the 
action is quiet and no trace of color remains. 

Mellon’s reagent has no visible effect on the granules. 

Temperature Relations 

The maximum temperature for growth is 31® C. for some isolations, 
and 28® to 30® for others. The minimum is somewhere below 
freezing, and the optimum between 21 ® and 24°. There is consider¬ 
able variation in different isolations and in different media. Of the 
different isolations tested only two grow at 31® (colonies 2021 and 
2027 isolated by the senior writer at Madison, Wis.), and these 
usually only on solid media at this temperature, the growth becoming 
visible about the sixth day. Occasionally a beef-bouillon or Dunham’s- 
solution culture of these two colonies clouds at 31® C. 

^ The other isolations grow at 28® to 30® C. on solid media, forming 
tiny, isolated colonies on the slants in 8 to 10 days. Beef-bouillon 
cultures seldom clouded, even at 27®. In these experiments the beef 
bouillon and the beef agar were equal in Ph values, in amount and 
kind of inoculation, and were in the same incubator at the same time. 
Dunham’s solution clouds more readily than beef bouillon, and some 
of this group produced growth in it at 29®; while parallel cultures in 
beef bouillon produced no growth. Parallel cultures of these were 
made on beef agar and in beef bouillon and kept at 31® for 15 days. 
Not a trace of growth occurred. The cultures were then left at 
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room temperature where all the agar cultures later produced normal 
growth, but only one bouillon culture clouded. 

In parallel cultures of beef bouillon and of Dunham s solution, 
adjusted to the same Ph, the Dunham clouds somewhat earlier than 
the beef bouillon, at room and higher temperatures. At lower 
temperatures there is less difference in the time of clouding. The 
optimum and the maximum temperatures are higher in Dunham’s 
solution than in beef broth of the same Ph value. 

The organism very plainly does not like temperatures above 27° C., 
but if growth does start it is able to continue and eventually becomes 
fair in amount. Some cultures on whey and yeast agar at"27° to 28° 
have had, after 15 days, growth equal in amount to cultures grown 
at 22° to 25°. 

These maximum temperatures for growth have been with media 
having a Ph value known to be favorable for growth, arid with rather 
heavy inoculations from well developed, vigorous cultures. If the 
media is even slightly unfavorable, or the inoculum too old, too young, 
or too scanty in amount, no growth occurs at the maximum tern-’ 
peratures as stated. Beef bouillons and agars with 1 per cent 
dextrose and whey and yeast agars are more likely to give growth at 
the higher temperatures than plain beef media. 

Cultures of the Alabama and Mississippi strains were kept at 26° 
to 31° C. for 45 days. No growth occurred. Another lot at 31° to 
34° gave no growth in 80 days. Controls at 23° showed growth in 
two days. 

The minimum temperature for growth is below 1° C. Both solid 
and liquid media known to be favorable for growth were kept over 
night at 6° to 7° C. The next niorning they were inoculated quickly 
and in less than an hour placed in a temperature of —1.66° C. Con¬ 
trol cultures at 28° to 25° developed good growth in five days. After 
33 days the cultures at —1.66° were examined and a fair amount of 
growth found on the solid media (whey agar and alfalfa agar). Beef 
bouillon plus 1 per cent dextrose cultures had no visible growth, but 
all clouded within nine days after removal to 23° to 25° C. 

At 1.5° to 2° C. beef bouillon and Dunham’s solution cultures cloud 
in six to seven days. The growth continues and eventually is as 
good as at the optimum temperature. Cultures on beef agar and 
potato cylinders also grow well at 1.5° to 2°. The beef-agar cultures 
had after three months heavier growth than cultures ever produce at 
room temperatures. The retention of moisture doubtless contributes 
to continued growth. 

Up to the present it has not been possible to determine exactly 
the optimum temperature for growth, as this optimum lies between 
the ranges of the available cold chambers and incubators. Koom 
temperatures do not remain constant long enough for good compari¬ 
sons with this slow-growing organism. Parallel sets of cultures were 
grown in four different locations with temperatures of 16° to 17°, 
19° to 20°, 22° to 23°, and 23° to 26° C. Often when growth was 
unusually slow in starting all of these would show clouding at the same 
time, and occasionally clouding showed first at 19° to 20°, or even at 
16° to 17°. When the growth was more normal, clouding was visible 
first in the cultures at 22° to 23°, and these continued to have best 
growth for several days, although the others usually clouded very 
soon after. From about the fourth to the tenth day after growth 
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begins, the cultures at 19° to 20° and 16° to 17° are more heavily 
clouded than those at higher temperatures. After this, however, all 
are equal in amount of clouding. The 23° to 26° temperatures seemed 
always less favorable than the 22° to 23°. 

Cultures on solid media have given about the same results as the 
broth cultures. Growth continues longer and eventually becomes 
more abundant at the lower temperatures, probably because the 
media does not become dry so readily. 

Vitality 

FREEZING 

The freezing of fx'eshly-inoculated beef bouillon cultures for two 
hours caused a slight reduction in the number of viable bacteria. Six¬ 
teen horn's’ freezing killed all the bacteria in one isolation (2001), and 
89 per cent in another (15). In another experiment two hours freezing 
caused a slight reduction, and 24 hours an 89 to 93 per cent reduction. 

Beef-bouillon cultures 3 days old were frozen for 16 hours without 
causing any noticeable reduction in the number of viable bacteria, 
but they wexe slower in growth than before freezing. 

SUNLIGHT 

This organism is not easily killed by exposure to direct sunlight. 
Four experiments indicate that one hour’s exposure kills only a small 
proportion. But the colonies were slow in appearing. Exposures of 
one and one-half, two, and three hours either entirely killed or greatly 
reduced the vitality of all the organisms, on the exposed side of the 
plate. Occasional colonies appeared even after two hours, but none 
after three hours exposure. In all the sunlight tests there was observed 
a slow advance of growth in the form of tiny colonies, from the pro¬ 
tected side of the plate into the medium on the exposed side. This 
sort of growth advanced sometimes as much as 10 millimeters. All 
the sunlight tests were made with the cover on the poured plates. 
The plates were placed so that the sun’s rays were perpendicular to 
them. 

IN CULTURE MEDIA 

This oi‘ganism has been under the junior writer’s observation only 
seven months, too short a time to learn its limits of vitality on arti¬ 
ficial media. Five-month-old cultures grown and kept at room tem¬ 
perature are still alive, but are slow in renewing growth when trans¬ 
ferred. Cultures grown and held at lower temperatures, 2° to 10"^ C., 
for five months seem as vigorous as young cultures. There seems 
to be no difference in the vigor of cultures on liquid and solid media. 

DESICCATION 

To date the extreme limit of vitality after drying on cover glasses 
is 23 days. The greater number have shown no growth after drying 
for five days. 

LOW TEMPERATURE 

At 1.5° to 2° O. growth is visible in liquid media in 7 days, and on 
solid media in 15 days. In one month or less, visible growth develops 
at-1.0° C. (29° F.). 
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HIGH TEMPERATUKES 

Beef-bouillon cultures kept for 10 minutes in a water bath at 52° C. 
were killed. Beef-bouillon cultures kept at 35° to 36° for 10 days 
were killed. 

Some beef-agar cultures held at temperatures of 28° to 32° C. 
for 23 days produced a few very tiny colonies on the slants. When 
removed to a temperature of 22° to 25° the growth increased, in spite 
of the rather dry surface. 

Some potato-c 3 dinder cultures at 28° C. for 47 days produced a 
scanty amount of growth. When removed to a temperature of 22° 
to 25° growth became nearly normal. 

The following cultures made no growth at the temperatures given, 
but were not killed as was evident from the growth that developed 
after the cultures were removed to 22° to 25° C.: 

Beef bouillon, 28° to 32° for 23 days. 

Beef agar +1 per cent dextrose, 30° to 32° for 14 days. 

Potato agar+l per cent dextrose, 30° to 32° for 14 days. 

Potato cylinders, 30° to 32° for 14 days. 

Potato cylinders, at 28° for 24 days. 

Potato cylindei's, 33° to 37° for 17 days. 

Whey agar, 29° to 30° for 11 days. 

Whey agar, 31° to 33° for 11 days. 

Some beef-bouillon cultures held at 35° to 36° C. for three days were 
then removed to 24°. Growth appeared first in these cultures 9 to 
16 days after removal to the lower temperature. 

Some beef-bouillon cultures held at 35° to 37° C. for five days and 
then removed to 24° never produced growth. 

Whey-agar slant cultures kept at 30° to 32° C. for seven weeks did 
not grow. These were then removed to a temperature of 22° to 23° C, 
but no growth had developed eight weeks later. 

Some beef-bouillon cultures were also at 30° to 32° C. for seven 
weeks, then at 22° to 23° for eight weeks. No growth developed. 

TECHNICAL DESCRIPTION 
ApijAnobacter Insidiosum L. McC. 

A nonmotile rod with rounded ends; single or in pairs, no chains 
have been found; single rods 0.7 to 1.0 X 0.4to0.5/x; capsules present; 
no spores; gram-positive; not acid fast. On peptone-beef agar the col¬ 
onies are round, smooth, shining, flat to slightly raised, amorphous, 
white becoming pale yellow; in beef broth, moderate, uniform clouding 
without rim or pellicle; trace of growth occurs in Uschinsky’s solution; 
no growth in Fermi’s or Cohn’s solution; gelatin slowly liquefied; blood 
serum not liquefied or cleared; optimum temperature about 23° C., 
maximum 28° to 31°, minimum below 1°, thermal death point 51° to 
52°; no indol, ammonia, or hydrogen sulphide produced; aerobic; mod¬ 
erate diastasic action; soft curd forms in milk in 18 to 20 days; casein is 
not digested; blue and violet pigments develop in the evaporation band 
on wall of milk cultures; growth yellow on most culture media, but 
on potato cylinders and on agar containing sugar, opaque dark- 


• See footnote 4, p. 502. 
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blue granules develop in the growth in sufficient numbers to change 
the color to various shades of blue and green; litmus reduction com¬ 
plete in S to 10 days; nitrates are not reduced; acid without gas 
produced from sucrose, dextrose, lactose, galactose, and glycerin; 
pathogenic on Medicago sativa, filling the vascular system and causing 
death of the plants. 

According to the descriptive chart of 1920 indorsed by the Society 
of American Bacteriologists (f3), its group number is 5331-31135- 
122 '> 

SUMMARY 

The most serious and threatening disease of alfalfa in some irri¬ 
gated districts and the more humid areas of the United States appears, 
from a study conducted largely in 1925, to be the bacterial wilt and 
root rot. The causal organism (Aplanoiacter insidiosmn L. McC.) 
is described fully (for the first time) in this paper. 

The disease is chiefly vascular in character, the bacteria passing 
from the taproot to each succeeding weakened crop of stems until 
the plant is killed. The most conspicuous symptom is a dwarfing 
of severely diseased plants and pale color of foliage, and small, narrow 
leaflets yellowed and curled at the margins. The taproot when cut 
shows yellow or brown discoloration beneath the bark. 

The disease is now known in many localities from New Jersey to 
Idaho and south to Mississippi. 

Artificial inoculation of alfalfa plants has been accomplished only 
through wounds, introducing the parasite directly into the vascular 
system through cut stems, or into cortical tissue of roots whence it 
makes its way into vessels. In either case it enters the outermost 
vessels of the taproot, which are soon filled with a pale yellow mass, 
becoming deeper in color and more dense and gummy in consistency 
with age. This vascular invasion may extend to the veins of the 
leaves, but has not yet been demonstrated in seed. 

The bacteria make some progress in filling vessels in the taproot 
at a temperature as low as 9° 0. Symptoms of disease and the death 
of infected plants appear to be hastened by retardation of root growth 
brought about by high soil temperature or frequent cutting of tops. 

This parasite has been found producing a wilt disease in Melilotus 
alba. 

Control measures are suggested. 

The bacteria have been isolated from fresh roots and stems, also 
from stems kept in a dry atmosphere for five months. 

In culture media the organism gi'ows rather slowly. Isolation 
plates seldom show growth in less than five days. Potato or some 
sugar in the medium encourages growth. 

In culture media the bacteria grow best at about 23° C., but they 
also grow well at lower temperatures. Growth is able to begin and 
to continue at 1°. Growth seldom begins at 31°, but once started 
it is able to make some progress. 

On solid media the growth is yeUow, but on most media this yellow 
color is soon obscured by the formation in the growth of numerous 
small blue particles which change the color to various blues and 
greens, blues predominating. 
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BUD SPORTS IN SWEET POTATOES' 

By L. L. Habter 

Pathologist, Office of Vegetable and Forage Diseases, Bureau of Plant Industry^ 
U?iited States Department of Agriculture 

In the fall of 1923, in a planting of the Haiti variety of sweet 
potato {Ifomoea 'batatas Pair) in Delaware, one plant was found which 
produced three red and three yellow roots, as shown in Plate 1. 
The Haiti is normally a red variety, marked with small oval^ or 
elongated whitish to vellow spots which varv somewhat in size. 

(Pl- !)• . ^ ^ . . , . . 

No information seems available as to the origin of the Haiti 
variety—that is, whether it originated as 4 bud sport, a^ mutation, 
or as a result of hybridization. In the section of the United States 
in which this plant was found, flowers are rarely produced and seeds 
never, the sweet potatoes being propagated by sprouts frorn the roots. 
For a period of 12 years before the specimen shown in the illustration 
was collected this particular strain of Haiti is known to have been 
propagated by sprouting of the roots. It therefore in all probability 
is not the result of hybridization. Inasmuch as sweet potatoes are 
propagated by the production of sprouts from the roots, it is prac¬ 
tically equivalent to the perpetuation of the same plant over an 
indefinite period of years. 

When photographic and painting records of the roots had been 
made, the reds and yellows were segregated and bedded and the 
progeny followed over a period of two years. The three red and three 
yellow roots were bedded in the greenhouse in the fall of 1923, and 
they gave in all about 25 plants of each strain. These plants were 
set in the field in the spring of 1924, and about one peck of potatoes 
were produced from each strain. The reds produced all reds, and 
the yellows all yellows. In the spring of 1925 all the roots of both 
lots were bedded, and several hundred plants of each were produced. 
Instead of setting out all these plants, 100 were pulled in such a manner 
as to obtain 2 or 3 from each potato. These were planted and culti¬ 
vated in the customary way and harvested in the fall. Nearly 2 
bushels of each color were obtained, the reds producing only reds 
and the yellows only yellows. 

Figure 1, a photograph of the progenies, shows the general simi¬ 
larity in size and shape between the reds and yellows, there being 
no greater difference than would ordinarily be found between two 
lots of the same strain. This observation is interesting in view of 
the fact that the yellow potatoes of the original hill (pl, 1) are long 
and more slender and would ordinarily be classed as rooty. The 
potatoes of the Haiti variety are normally large and rather chunky. 
These results, therefore, would seem to indicate that the progeny 
tend to revert to the characteristics of size and shape of the parent 
stock, rather than to inherit those of a single root from an individual 
hill. 
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The color of the stem and vines of the Haiti variety is a deep 
purple. This color extends also to the petioles. In the yellow strain 
some of the purple pigment was lost. As a matter of fact, it has 
been determined from the color of the stem and vines whether a 
plant bore yellow or red potatoes. There has been no apparent 
difference in the shape, size, or color markings of the leaves, or in 
the time of maturity or vigor of the plants of the two strains. 
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THE RELATION OF HUMIDITY TO INFECTION OF THE 
SWEET POTATO BY RHIZOPUS^ 


By J. I. Lauritzen, Associate Pathologist and L. L. Harter, Pathologist, Office 

of Vegetable, Forage, and Other Diseases, Bureau of Plant Industry, United 

States Department of Agriculture 

INTRODUCTION 

Air moisture is one of the most important environmental factors 
in plant responses, not only as it affects the physical conditions and 
physiology of the plant, but because of its influence on the infection 
and the development of diseases caused by microorganisms. For 
the most part, it has been assumed that high humidity favors, and 
is even essential to, infection. This generalization is based largely 
on observation rather than on experimental data. It seems quite 
likely that it is generally true, but like many generalizations it is 
too broad and may not hold in many cases. It has been assumed, 
also, that within the range of humidities at which infection occurs 
there is a tendency for the number of infections to increase with the 
increase in relative humidity. There are some data to justify this 
conclusion, but they are not a sufficient basis for a generalization. 
Neither of the assumptions just mentioned holds in connection with 
infection of the sweet potato by Rhizopus. 

Manns (5),^ who seems to have in mind the losses due to Rhizopus 
soft rot and black rot, regards a relative humidity of 80 per cent and 
above as inimical to the keeping of gweet potatoes. His conclusions 
were based on bell-jar and storage-house experiments. The bell- 
jar experiments were limited in number and there was no provision 
made for air exchange; and in the storage-house experiments the 
factors, such as temperature, humidity, and wounding, were not 
controlled or definitely isolated, and apparently he did not study the 
diseases separately. The present writers were able to confirm his 
results only in part. 

The purpose of this paper is to present the results obtained from 
a study of the effects of air moisture^ on the infection of the sweet 
potato by Rhizopus {nigricans and tritici) under certain conditions. 

APPARATUS AND CONTROL OP CONDITIONS 

The experiments discussed below were conducted either in the 
infection chambers described in an earlier publication (4), or in a 
sweet-potato storage house constructed according to plans designed 
by the United States Department of Agriculture (6). 

The temperature of the infection chambers was controlled in the 
manner described in the above-mentioned publication (4). The 
control of humidity was accomplished by means of water and satu¬ 
rated salt solutions in evaporation pans (S). Continuous air exchange 


1 Received for publication Mar, 2.1926; issued September, 1926. 
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was provided in each instance { 4 )- A storage house 40 leet long, 20 
feet wide, and 9 feet high, was partitioned into two rooms oi the 
same size. In the one room a high humidity was maintained by 
means of a fine spray of water, the small droplets of the spray being 
entirely evaporated'in the part of the room in which the potatoes 
were placed. In the other room a lower humidity was obtained 
by means of calcium chloride in a large evaporating pan. The 
temperature of the two rooms was governed by the outside tem¬ 
peratures, and was nearly the same in both rooms in each e.xperi- 
ment. The difference was believed to be insufficient to be a dis¬ 
turbing factor. 

MATERIALS USED 

The Yellow Jersey, Big Stem Jersey, and Porto Rico varieties of 
sweet potato were employed. The species of Rhizopus used were 
Rhizopus nigricans Ehr. and R. Tritici Saito. 

EXPERIMENTAL DATA 

HUMIDITY AND INFECTION OP HALVED ROOTS 

The infection of the sweet potato by Rhizopus occurs almost ex¬ 
clusively through fresh wounds, so in order to study the influence of 
humidity on infection it is necessary to w'ork with freshly wounded 
roots. In a series of 15 experiments the roots were cut in halves 
lengthwise and placed at various hiunidities at a constant tempera¬ 
ture of 23° C. In 12 of the experiments the potatoes were inoculated 
by dipping them in a suspension of -Rhizopus nigricans and R. tritici 
spores; in the other 3 experiments the potatoes were not inoculated. 
The effects of inoculation, if any, were merely to increase the per¬ 
centage of infection at the various humidities. In previous work ( 4 ) 
it was found that the inoculation of wounded potatoes by means of a 
spore suspension did not alter the temperature range of infection of 
either of these species, obtained when the potatoes were not inocu¬ 
lated. The species isolated from decayed potatoes in these present 
experiments was mostly R. nigricans, R. tritici being isolated only in a 
few instances. This fact was in accord with previous experience ( 4 ). 
Since the absence of inoculation did not in any way alter the relations 
found in connection with the inoculated potatoes, the results from 
inoculated and uninoculated roots will be considered together. 

Table 1 gives the results of seven experiments in which the Yellow 
Jersey was the variety of potato used. A range of five different 
humidities was employed m each experiment. Wherever the same 
humidity was obtained during the successive experiments, the results 
are considered collectively. The figures in the last column represent 
the number of times any particular humidity was employed during 
the seven e:^ei^ents. The percentage of infecton rose from 21 per 
cent at humidities of 93 to 98, to 96 and 100 per cent at relative humid¬ 
ities of 76 to 82 per cent. At relative humidities of 48 to 53, the 
pereentage of infection was 25 per cent. Only one experiment of this 
series induded a relative humidity of 76, consequently the percentage 
of ipfeotion obtained may be high for this hunadity, which will be 
iudioated by results recorded in Table 2. 
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Table 1. —The relation of humidity to infection of Yellow Jersey 
sweet potatoes hy Rhizopus 


Tem¬ 

per¬ 

ature, 

O C. 

Depression 
of wet bulb, 
°C. 

Relative 

humidity 

Number 
of halved 
roots 
used 

Number 
of halved 
roots 
infected 

Per¬ 

centage 

infected 

Time of 
exposure 
in days 

Num¬ 
ber of 
experi¬ 
ments ; 
at each' 
humid¬ 
ity : 

23.6 1 

o 

i 

00 

93-98 

170 

35 

21 

3-11 

5 

23.1 

1. 0-1. 3 

90-92 

496 

216 

44 

3-11 

13 i 

23.2 

1. 6-1.9 

84-87 

98 

63 

64 

3-11 

3 i 

23.7 

2. 2-2, 6 

79-82 

308 

295 

96 

3-11 

9 : 

23.4 

3.1 

76 

18 

18 

100 

11 

1 

22.5 

6. 2-6.9 

j 48-53 

120 

30 

25 

3-9 

3 , 


Table 2. — 7'he relation of humidity to infection of Yellow Jersey 
sweet potatoes hy Rhizopus 


Tem¬ 

per¬ 

ature, 

“ C. 

Depression 
of wet bulb, 

“ C. 

Relative 

humidity 

Number 
of halved 
roots 
used 

Number 
of halved 
roots 
infected 

' 

Per- 

centage 

infected 

Time of 
exposure 
in days 

Num¬ 
ber of 
experi¬ 
ments 
in¬ 
volved 

23.4 

0. 2-0.4 

97-99 

90 

9 

10 

7-11 

3 

23.5 

0.6-0.9 

93-95 

240 

58 

* 24 

3-12 

5 

23.0 

1.0-1.6 

87-92 

696 

262 ' 

38 

3-15 

18 

23.3 

1. 6-1.9 

84-86 

178 

101 

57 

3-11 

5 

23.0 

2.0-2.5 

80-84 

388 

320 

82 

7-11 

11 

23.0 

2.6-2.8 

78-79 

120 

105 

88 

3-12 

3 

22.7 

3. 0-3.4 

72-76 

138- 

89 

64 

7-15 

4 

22.4 

4.4-5.3 

59-65 

200 

19 

10 

7-16 

6 

22.6 

6. 2-6.9 

48-52 

160 

36 

23 

3-12 

4 


In Table 2 are recorded the results given in Table 1, combined with 
the results of five other experiments conducted later. These latter five 
experiments also had to do with the Yellow Jersey variety of sweet 
potato. The purpose of giving the two tables is to show the varia¬ 
tion in the results obtained from different experiments, and at the 
same time to show the general consistency of the data obtained. 

The percentage of infection rises from 10 per cent at relative humid¬ 
ities of 97 to 99, to 82 and 88 per cent at relative humidities of 78 to 
84, and drops to 10 per cent at relative humidities of 59 to 65, and rises 
to 23 per cent at relative humidities of 48 to 52. It is not known 
whether this last rise has any significance, although a similar relation 
was found in an experiment with the Porto Rico variety. Possibly 
if a larger number of experiments were conducted, a higher percentage 
of infection at relative humidities of 59 to 65 per cent or a lower 
percentage of infection at relative humidities of 48 to 52 might have 
been obtained. 

In Table 3 are given the results in which the Porto Rico variety 
was used. The percentage of infection increased from 15 at relative 
humidities of 93 to 97, to 98 at relative humidities of 75 to 76. There 
is a slight drop in the number of infections as the humidity is lowered. 
At a relative humidity of 63 the percentage of infection was 81, and 
at a relative humidity of 52 the percentage of infection was“75. The 
percentage of infection at these latter humidities is high in contrast 
to that obtained wi% Yellow Jersey. It should be noted, however, 
that the results w^e obtained from one trial at each of the two humid¬ 
ities from two exf)eriments. In a third experiment run late in the 
season, when the outside temperature was high and consequently 
that of the chpabers (27° C.), the percentage of infection at a relative 
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humidity of 61 was 22. It is possible that if a larger number of 
experiments were conducted at these humidities the percentage of 
infection might be lowered. There is a close correspondence in the 
percentage of infection of Porto Rico to that of Yellow Jersey at 
humidities between 75 and 98. 


Table 3. —The relation of humidity to infection of Porto Rico 
variety of sweet potatoes by Rhizopus 


Temper¬ 
ature, ®C. 

Depression 
of wet bulb, 
°C. 

Eelative 

humidity 

Number 
of halved 
roots used 

Number 
of halved 
roots in¬ 
fected 

Percent¬ 
age in¬ 
fected 

Time of 
exposure 
in days 

25 

0.4-0.8 

93-97 

54 

8 

15 

6-7 

24 

1. 2-1.6 

86-91 

no 

41 

37 

6-7 

23.5 

3.1-3.2 

75-76 

56 

55 

98 

6-7 

22.0 

4.8 

63 

i 32 

26 

'81 

7 

22.6 

6.2 

52 

24 

18 

76 

6 


Figure 1 represents graphically the results recorded in Tables 1, 
2, and 3. The percentage of infection is plotted against the depression 
of^the w^et bulb, because these figures are more exact than the relative 
humidities. The relative humidities are also given, so that the rela¬ 
tion of infection to relative humidity can be seen at the same time. 
The correspondence of the three curves at relative humidities between 
75 and 98 is striking. At the lower humidities there is considerable 
variation in the number of infections. It should be stated, however, 
that the higher humidities were obtained a larger number of times 
in each case than the lower humidities, thus tending to remove the 
effects of variation in the individual experiment. The values given 
in the three tables and in Figure 1 involve considerable variation and 
are not to be regarded as absolute, but relative. They represent 
general relations only. 

The experiments conducted in the infection chambers were supple¬ 
mented by two experiments run in a storage house partitioned into 
two rooms. In one room a-high humidity was maintained and in the 
other a low. The Porto Rico and Big Stem Jersey varieties of sweet 
potato were used. The roots were not inoculated in either experiment. 
The results are recorded in Table 4. 


Table 4. —The relation of humidity to infection by Rhizopus^ storage-house 

experiments 


Variety 

1 Temper- ^ 
1 ature, ® C. 

i 

Depres¬ 
sion of ' 
wet bulb, 
°C. 

Relative 

humidity 

Number 
of roots 
employed 

Number 
of roots 
infected 

i 

Percent-! 
age in¬ 
fected 

Time of 
expo¬ 
sure in 
days 

Porto Rico. 

19.6 

0.23 

97 

286 

28 

10 

7 

Porto Rico. 

1 28.0 

ass 

96 

115 

33 

29 

5 

Porto Rico.i 

i 22.0 

1.4 

87 

681 

178 

31 

7 

Porto Rico. i 

i 29.0 

2.6 

82 

125 

108 

86 

5 

Big Stem Jersey. 

28. 0 

0.53 i 

96 

173 

48 I 

28 

5 

Big Stem Jersey. 1 

29.0 

2.6 ‘ 

82 

98 

65 ' 

66 

6 


The data are arranged in Table 4 for each variety of potatoes 
according to the hmnidities irrespective of the temperatures, which 
differed in the two experimtots. In spite of this difference in tem¬ 
perature, there is an increase in the percentage of infection mth the 
lowering of the humidities in the case of Porto Rico. The ?^pits of 
each experiment, however, should be considered separate!^ The 
first experiment had to do with Porto Rico, and had a duration of 
^ven days. The high-humidity room was run at an average tern- 
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perature of 19.6° C., and the low humidity room at 22°. The average 
relative humidities of the two rooms were 97 and 87 per cent, respec¬ 
tively. The percentage of infection at a relative humidity of 97 was 
10, in contrast to 31 at a relative humidity of 87. 

In the second experiment both Porto Rico and Big Stem Jersey 
were used. The two rooms were run at an average temperature of 



28° and 29° C., and at an average relative humidity of 96 and 82 
per cent, respectively. The experiment ran for five days. The 
percentage of infection of the Porto Rico at a relative humidity of 
96 was 29, and 86 at a relative humidity of 82. At a relative humidity 
of 96 only 28 per cent of the Big Stem Jersey roots were infected, in 
contrast to 66 per cent at a relative humidity of 82. 
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The results of these two experiments within the range of humidities 
used correspond with the results obtained in the infection chambers, 
although there was not complete duplication of varieties. Yellow 
Jersey was not available at the time. 

One experiment was conducted at a temperature of 12^ C. The 
results, which will be published in another paper, coi'respond with 
those obtained at 23°, except that the range of infection was shifted 
nearer to 100 per cent humidity. 

the effects of humidity on hosts and pathogenes 

An effort was made to determine whether or not the relation of 
humidity to infection found in the foregoing experiments was due, on 
the one hand, to some reaction on the part of the host or, on the other, 
to a reaction on the part of the pathogenes, or to a combination of 
both. 

A series of experiments were conducted in which halved roots were 
first subjected to one humidity for a time and then exposed to another 
for another interval of time at the same temperature (23° C.). 

Very few potatoes (Table 5) which had first been subjected to high 
relative humidj^s (89 to 95) for from 4 to 12 days and then exposed 
to lower humidities (48 to 85 per cent) for 6 to 13 days became in¬ 
fected. If on the other hand halved roots were first exposed to low 
humidities (51 to 74) for 4 to 12 days and then placed at high relative 
humidities (84 to 95) for 6 to 31 days, a large number of infections 
resulted. For example, out of 48 potatoes which had been held at 
relative humidities of 89 to 91 and then removed to relative humidities 
of 80 to 85 there were no infections (Table 5). Out of 62 potatoes 
held at 89 to 95 and then removed to humidities of 48 to 73, 2 (or 3.2 
per cent) were infected, while out of 182 potatoes held at humidities 
of 51 to 74 and then removed to humidities of 84 to 95, 123 (or 68 
per cent) were infected. 


Tabie 5 .—The effects of humidity on infection of halved roots exposed first to one 
humidity and then to another 


Tem¬ 

pera¬ 

ture 

«C, 

First 
depres¬ 
sion of 
wet bulb, 

-c. 

First 

relative 

humid¬ 

ity 

Time of 
expo¬ 
sure in 
days 

Second 
depres¬ 
sion of 
wet bulb, 
®C. 

Second 
relative 
humid- 
' ity 

Time of 
expo¬ 
sure in 
days 

Number 
of halved 
roots 
used 

Num¬ 
ber in¬ 
fected 

Per 
cent- 
age in¬ 
fected 

Num¬ 
ber of 
experi¬ 
ments 
at each 
humid¬ 
ity 

23 

0.4-1.3 

89-97 

6-9 

0.5-1.3 

89-95 

8-31 

160 

9 

6 

7 

23 

1.1-1. 2 

90-91 

9. 

1.9-2.2 

80-85 

9 

32 

0 

0 

2 

23 

0.6-1.3 

89-95 

6-12 

3.3-3.6 ’ 

71-73 

10-13 

34 

0 

0 

2 

23 

0-6-1.3 

89-95 

9-12 

6-4-6.9 

48-51 

12-13 

28 

2 

7 

2 

23 

1.3-2.4 

79-89 

4-12 

0.6-1.2 

90-95 i 

6-31 

131 

12 

9 

6 

23 

1.4 

89 

4 

2.0 

84 1 

6 

16 

0 

0 

1 

23 

2.1 

81 

12 

3.3 

73 

13 

14 

0 

0 

1 

23 

3.2-3.4 

73-7i 

6- 7 

0. 5-1.1 

91-95 

8-31 

11 

3 

27 

2 

23 

4,S-6.3 

59^ 

6- 7 

0.5-1.1 

91-95 

8-31 

101 

79 

78 

3 

23 

6.2-6.5 

^~52 

6-12 

1.0-1.3 

89-92 

9-13 

29 

29 

100 1 

3 

23 

6.5-6.3 

62-57 1 

4- 9 

1.9-2.0 

84-85 

6- 9 

41 

12 

29 j 

3 

23 

6.5 

51 1 

12 

3.3 

73 

13 

10 

0 

0 : 

1 1 

23 

6.3-6.5 

51-52 

9-12 

6.4-6.9 

48-51 

9-13 

21 

0 

0 

1 2 


The potatoes held at high and low humidities were examined at 
the time the potatoes were changed from one humidity to another. 
The decayed potatoes were removed from the experiment and some 
of the remaining potatoes were retained at these humidities while 
others were removed to other humidities for a certain period (Table 
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5). At the end of this period very few of the potatoes retained at a 
high humidity (80 to 97 per cent) were infected, and none of the 
potatoes retained at a low humidity (48 to 73 per cent) were infected 
(Table 5). 

Figure 2A represents the effects of exposing halved roots first to a 
relative humidity of 59 for 7 days, then to a humidity of 93 for a 
period of 11 days, at a temperature of 23° C.; figure 2B represents 
potatoes held at a relative humidity of 93 throughout the 18 days. 
The contrast is striking. Rhizopus has grown over the cut surfaces 
of the potatoes first exposed to a low humidity and then placed at a 
high humidity, whereas the potatoes exposed to the high humidity 
through the entire period have remained sound. At the end of the 
first period (7 days) the potatoes decayed at this time were removed 
from the experiment, so that the results represented in Figure 2 



Fig. 2.—Infection of the sweet potato by Rhizopus. A, Sweet potatoes held at a relative humidity 
of 59 per cent for 7 days, and then at a humidity of 93 per cent for ll days; B, Sweet potatoes held 
at a relative humidity of 93 per cent throughout the 18 days. Temperature 23® C. in both cases 

afford a comparisops of the effect of high humidity on potatoes which 
had previously been exposed in the one instance to a high humidity 
and in the other to a low humidity. It is suggested from these 
results that some reaction occurred in the host and not in the fungus 
at humidities of 85 to 100, which interfered with infection, because 
the fungus is capable of causing infection at high humidities if the 
potatoes have been subjected first to low humidities. On the other 
hand, very few potatoes that have been exposed to high humidities 
become infected no matter to what humidities they are exposed later. 

It is believed that the effects of air moisture on the pathogenes 
interfere with infection at the low humidities, since roots that have 
been subjected to low humidities readily become infected when 
removed to high ones. 

THE CHARACTER OF THE RESISTANCE EXHIBITED BY THE HOST AT HIOH 

HUMIDITIES 

Is the resistance shown by sweet potatoes to the attack of Rhizopus 
at high humidities due to a reaction of the entire root, or is it located 
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in the wounded surface? An effort w^as made to answer this question 
in the following experiments. 

Table 6 contains the results of two experiments conducted in the 
storage house in w'hich Porto Kico and Big Stem Jersey varieties 
were used, Yellow Jersey not being available at the time. 

Table 6. —The effects of cutting afresh slice from halved roots that have been exposed 

to high humidities 


First temperature and 
humidity readings 

Second temperature and 
humidity readings 

Treatment of 
roots 

Num¬ 
ber of 
roots 
used 

Num¬ 
ber of 
roots 
in¬ 
fected 

Per¬ 
cent¬ 
age in¬ 
fected 

Tem¬ 
perature, 
° C. 

1 Depres- 
1 Sion of 
, wet bulb, 
°C. 

Rela¬ 
tive hu¬ 
midity 

Tem¬ 

perature, 

°C. 

Depres¬ 
sion of 
wet 
bulb, 

° C. 

Rela¬ 
tive hu¬ 
midity 

“19.6 

0.23 

97 

29 

2.6 

82 

Freshly cut... 

40 

37 

93 

“19.6 

' .23 

97 

29 

2.6 

82 

Old cut. 

39 

2 

5 

»22.2 

' 1.4 

87 

i 29 

2.6 

82 

Old cut. 

30 

16 

63 

ft 28 

.53 

96 

29 

2.6 

82 

Freshly cut... 

74 

62 

84 

ft 28 

; .53 

96 

29 

2.6 

82 

Old cut. 

! 67 

10 

15 


"Tii^e^lies of figures are concerned with Porto Rico variety of potatoes. 
* These lines of figures are concerned with Big Stem Jensey variety. 


Two hundred and twenty halved roots which had been held at 
relative humidities of 96 and 97 per cent for a period were divided 
into two lots. A fresh slice, about 2 mm. thick, parallel to the cut 
surface, was removed from the one lot of 114 halves. The remaining 
106 halves werq|fteft uncut as controls. Both lots were then placed 
at a relative humidity of 82 per cent. After 6 and 12 days 99 out of 
the 114 freshly cut potatoes (or 87 per cent) were infected, while 
only 12 out of the 106 (or 11 per cent) of the control potatoes became 
infected. Likewise 30 halved roots that had been held at a relative 
humidity of 87 per cent were also placed at a relative humidity of 82 
per cent. Sixteen of them (or 53 per cent) became infected after 6 
days. This latter percentage is high in contrast to that obtained 
from potatoes held first at relative humidities of 96 and 97 per cent 
and then placed at a relative humidity of 82 per cent, indicating that 
there was not as much resistance developed at a relative humidity 
of 87 per cent as at 96 and 97 per cent. 

These results indicate that the resistance shown by sweet potatoes 
at high humidities is located in the surface layers of the wounded 
areas, because when this layer is removed the roots become infected 
readily when subjected to humidities that are favorable for infection. 
If this layer is not removed very few infections occur, even though 
the potatoes are placed at humidities which are favorable to infection. 

Weimer and Harter (7) found that cork formation, in connection 
with wounded surfaces of sweet potatoes, took place more readily at 
high humidities than at low. Hauman-Merck {2) claims that there 
is some connection between cork formation and infection of sweet 
potatoes by Mucor stolonifer Ehrb. {RTiizopus nigricans). It is not 
unlikely that cork formation interferes with infection at the higher 
humidities, and that lack of cork formation at the lower humidities 
permits infection. To be certain that this relation holds it will be 
necessary to connect these factors more directly than has been done. 
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EFFECTS OF HUMIDITY ON UNWOUNDED ROOTS 

Experiments were conducted during three seasons to determine 
whether it was possible to keep unwounded sweet potatoes at high 
humidities and at various temperatures throughout the season. 
The results are recorded in Table 7. Only 6 out of 350 potatoes 
held at various temperatures and at humidities ranging between 91 
and 97 for 56 days during the autumn of 1921 became infected with 
Rhizopus. Of course, relative humidities are not comparable at 
different temperatures, but in any case the relative humidities \vere 
high. Table 7 gives the depression of wet bulb and humidity at each 
temperature so that the results can be interpreted directly. 

Table 7. —The relation between the exposure of Yellow Jersey sweet-potato roots to 
high humidities for long period and infection by Rhizopus 


Date and season 

Tempera¬ 
ture ®C. 

Depression 
of wet bulb 
°C. 

Relative 

humidity 

Duration of 
experiment 
in days 

Number 
of roots 
used 

Number 
of roots 
infected 
with 

Rhizopus 

Percentage 
of roots 
infected 
with 

Rhizopus 

Oct. 18, 1921-Dec. 
13,1921. 

28.0 

25.5 
24.0 

20.5 

18.5 
14.0 
11.0 

1.1 

.7 

.8 

.8 

.6 

,9 

.3 

92 

94 

93 
93 

95 
91 
97 

56 

56 

56 

56 

56 

56 

56 

ooooooo 

0 

1 

0 

0 

0 

0 

5 

---. 

Total. 

_1. 



350 

6 

1.7 


26 

1.2 

90 

114 

20 

1 



25 

.9 

93 

114 

20 

1 


Jan. 1, 1922-May 
10,1922. 

24.5 

20.5 
18.0 

,8 

.5 

.5 

93 

95 

114 

114 

114 

20 

20 

20 

3 

1 

5 



12.0 

.3 

97 

114 

20- 

% 4 



11.5 

.5 

94 

114 

20 

1 


Total. 


. 



140 

16 

12 


28 

1.0 

93 

32 

50 

0 



25 

1.2 

90 

32 

50 

0 


Nov. 13,1922-Dee. 
15, 1922. 

23 

20 

18 

1.0 

.2 

.8 

91 
98 

92 

32 

32 

32 

50 

50 

47 

0 

0 

0 



13 

1.1 

89 

32 

50 

0 



11.5 

1.1 

88 

32 

50 

0 


Total. 





347 

0 

0 


28 

1.2 

90 

124 

50 

0 



25 

1.0 

92 

124 

50 

0 



23 

1.0 

92 

124 

50 

0 


Nov. 13,1922-Mar. 

20 

.2 

98 

124 

50 

0 


17, 1923. 

18 

.8 

92 

124 

47 

0 



13 

1.1 

89 

324 

50 

0 



11.5 

1.1 

88 

124 

50 

0 



10 

.5 

94 

124 

50 

1 


Total. 





397 

1 

.3 


27 

1.2 

90 

54 

59 

0 



25 

. 7 

94 

54 

74 

0 


Oct. 26, 1923-Dec. 

23 

.8 

93 

54 

70 

1 


20 

.7 

94 

54 

74 

0 


19, 1923 . 

18 

,5 

95 

54 

68 

0 



14 

.5 

94 

54 

79 

0 



12 

.6 

94 

54 

76 

0 



9.6 

.2 

97 

54 

77 

0 


Total. 





577 

1 

.2 

Oct. 26,1923-Mar. 
24, 1924. 

28 

25 

23 

20 

18 

14 

12 

9.6 

.5 

i -7 

.8 

. 7 
.5 
.5 
.6 
.2 

97 

94 
93 

93 

95 
95 

94 
97 

149 

149 

149 

149 

149 

149 

149 

! 149 

69 
74 

70 
74 
67 
77 
73 
77 

8 

3 

2 

0 

0 

3 

0 

2 


T .1 

.1. 



<*571 

18 

3.2 




. 





<* The discrepancy between this figure and 577, the number of potatoes used during the fall, is explained 
by. the act that 5 potatoes were removed for other purposes. 
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Anew lot of potatoes was used the latter part of the same season, 
and in this case 16 out of 140 roots (or 12 per cent) became in¬ 
fected. Some of the chambers in which the potatoes were stored 
were opened during the storage period and the temperature allowed 
to drop to that of the surrounding air. The humidity also dropped 
considerably during this period. Mice entered through the open 
doors in some of the chambers and gnawed some of the roots. 
Eight of the 16 infections took place at the point of gnawing. This 
fact accounts for at least 50 per cent of the infections. It is en¬ 
tirely possible that more of these infections may have been due to 
wounding caused by mice that was not macroscopically evident. 

During the seasons of 1922 and 1923, 1 out of 397 roots held at 
constant temperatures ranging between 10° and 28° C. and at 
relative humidities varying from 88 to 98, became infected after 124 
days. 

During the season of 1923 and 1924, 19 out of 572 potatoes (or 3.2 
per cent) became infected after 150 days. The temperature ranged 
from 9.6° to 28° C., and the relative humidities from 90 to 97 per cent. 

During the three seasons, 42 out of 1,464 (or 3 per cent) became 
infected with Rhizopus. At least 8 of these became infected because of 
the gnawings of mice. It is believed that in most of the other cases of 
infection it was the wounding which was the chief predisposing condi¬ 
tion for infection by Rhizopus, rather than humidity or temperature. 
The potatoes were handled two or three times during a season, and 
it is almost impossible to handle sweet potatoes without some wound¬ 
ing. There is nothing in the data in Table 7 to suggest that there is 
any relation between infection and either temperature or moisture 
when there is no wounding. There was not a large variation in the 
humidity, but the infection that did occur bore no relation to this 
variation. In any case, unwounded sweet potatoes can be kept at 
high humidities for long periods without becoming infected with 
Rhizopus. 

DISCUSSION AND CONCLUSIONS 

The optimum relative humidities for infection of sweet potatoes 
by Rhizopus at a temperature of 23° O. range between 75 and 83 
per cent. The percentage of infection decreases rapidly as the humid¬ 
ity is raised above 83 percent or lowered below 75. The decrease is 
more consistent above 83 per cent than below 75. This consistency 
may have some relation to the number of times the higher humidities 
were attained in these experiments in contrast with the lower humid¬ 
ities. Whether there is some disturbing factor at the lower humidities 
that may account for this irregularity in results is not known. 

The consistency of the results, whether considered in connection 
with the individual experiment or the experiments as a whole, is 
striking, when it is understood that the percentage of infection is 
used as the measure of the effects of humidity. 

The relation of humidity to infection is similar in the case of the Yel¬ 
low Jersey and Porto Rico varieties. Big Stem Jersey responded 
in a similar fashion to the humidities to which it was exposed. 

The relation between humidity and infection of sweet potatoes by 
Rhizopus would seem to be governed by reactions on the part of the 
host and the pathogenes. Why is it that sweet potatoes become 
infected with Rhizopus less readily at humidities above 90 per cent 
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than at humidities of 75 to 85? Is it because the higher humidities 
are less favorable to the pathogenes? This is believed not to be the 
case, for if it were, why do potatoes that have been held at the lower 
humidities become infected when removed to humidities of 90 and 
above? It is believed, rather, that some change occurs in the host 
that renders it immune, because potatoes that have been held at 
high humidities become infected but rarely when subjected to lower 
humidities. 

In what does this resistance consist? We have a hint from Weimer 
and Harter’s work, Wound-Cork Formation in the Sweet Potato” 
(7). They found that cork formation in connection with wounded 
surfaces occurs more readily at high humidities than at low. The 
concomitant relation of infection and cork formation to humidity 
would seem to have some significance, particularly since the resist¬ 
ance exhibited by roots at high humidities is located in the wounded 
surface. However, further work is required to determine more 
definitely the relation of cork formation to infection. 

Why is it that infection does not take place as readily at relative 
humidities below 74 per cent as it does at humidities between 75 and 
83? This question can not be definitely answered at present. It is 
believed that it is because moisture becomes a limiting factor to the 
pathogenes; i. e., these low humidities do not furnish sufficient mois¬ 
ture for the germination of the spores and the penetration of the germ 
tubes. Of course it is possible that the host may resist infection at 
these humidities, but it seems unlikely, because these same roots 
become infected when they are placed at high humidities. At any 
rate, if th.e absence of infection is diie to the condition of the host, 
other than the lack of sufficient moisture for the pathogenes, this 
condition is transitory. 

These results may explain the inability of Harter, Weimer, and 
Adams (7) to obtain infection of sweet potatoes by Rhizopus in 
moist chambers. The humidity in the moist chambers was too high 
, to permit of infection. By use of the “well” method of inoculation 
they were able to obtain infection in moist chambers. The success 
of the “well” method of inoculation, may possibly be explained on 
the basis that the process of infection was thus hastened because of 
the amount of inoculum used, thereby preventing the development 
of the condition which prevents infection at high humidities. It is 
possible by other means (4) to prevent the development of the re¬ 
sistance at high humidities sufficiently to permit of infection. If the 
roots are severely wounded by striking them over the edge of a wire 
basket they become infected readily at high humidities. This fact 
may possibly be explained by Weimer and Harter’s work on cork 
formation in wounded surfaces. They found (7) that when roots 
were wounded by striking them over the edge of a wire basket, 
cork formation did not take place at the bottom of the wounds. 
Such interruption of this process would account for infection in deep 
and severe wounds at high humidities, even though cork formation 
normally occurs in an atmosphere of high moisture content. 

The success in keeping unwounded sweet potatoes at high humidi¬ 
ties throughout the season without their becoming infected can be 
explained on the basis that Rhizopus rarely infects sweet potatoes 
except through fresh wounds. 
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It is possible that if freshly dug potatoes—^which of course are 
freshly wounded—were placed*^at low humidities, they might become 
infected if they were exposed to high humidities later. Experiments 
are now under way to determine whether this is true. 

Weimer and Harter’s work (7) suggests that excessive drying of 
freshly dug sweet potatoes renders them more susceptible to the at¬ 
tack by Rhizopus. How often sweet potatoes are excessively diued 
during" the process of curing is not known. 

SUMMARY 

The data recorded in this paper, and those obtained from other 
experiments, show that infection of sweet potatoes by Rhizopus occurs 
almost exclusively through fresh wounds. 

The optimum relative humidities at a temperature of 23° C. for 
the infection of halved roots of sweet potatoes by Rhizopus range 
from 75 to 84 per cent. 

The percentage of infection decreases rapidly as the humidity i& 
raised above or lowered below the optimum humidities. 

This decrease is more consistent above the optimum than below 
it; i. e., there is less variation in the number of infections above the 
optimum than below it. 

Very few infections of halved roots occurred at relative humidities, 
of 93 to 99 per cent at a temperature of 23° C. 

Very few halved roots which had been subjected to relative humidi¬ 
ties of 89 to 97 per cent (temperature 23° C.) for a period of 4 to 12 
days became infected when they were retained at these humidities 
for another period or were placed at humidities of 48 to 89 per cent. 

On the other hand, a high percentage of the halved roots which 
were subjected to relative humidities of 51 to 73 per cent for a period 
of 4 to 12 days became infected when they were placed later at rela¬ 
tive humidities of 84 to 95 per cent. 

Halved roots that had been exposed to relative humidities of 51 
to 52 per cent for a period of 9 to 12 days did not become infected ' 
when they were subsequently placed at relative humidities of 48 to 
73 per cent. 

A resistance to infection by Rhizopus developed in the halved roots- 
that had been held at relative humidities of 89 to 97 per cent. 

This resistance is located in the surface layers of the wounded 
areas and has a possible relation to cork formation. 

The Yellow Jersey, Big Stem Jersey, and the Porto Rico varieties, 
of sweet potato psponded in a similar fashion (within the range of 
humidities used in each case) to the action of air moisture. 

The Yellow Jersey variety was kept for periods of 56 to 150 days, 
during three seasons with only a few infections with Rhizopus occur¬ 
ring. 
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THE USE OP SODIUM NITRITE IN THE CURING OF MEAT' 


By Robert H. Kerr, Chemist; Clarence T. N. Marsh, Walter F. Schroeder, 

"and Edward A, Boyer, Associate Chemists, Bureau of Animal Industry, United 

States Department of Agriculture 

INTRODUCTION 

The art of preserving meats by curing in common salt, with or 
without smoking, is one which has been practiced from remote 
antiquity. Directions for curing meats with salt appear in ancient 
writings, and the art is still practiced among primitive peoples. Yet, 
notwithstanding the antiquity of the art and its economic import¬ 
ance, adequate and comprehensive scientific study with publication 
of results has never been given to it. Even at the present time the 
scientific publications on the subject consist largely of recipes and 
formulas or the results of desultory and isolated experiments. 

The use of nitrates also dates from ancient times, and has been 
practiced so long that its origin is unknown {2, p. BlSy. Only with¬ 
in recent years, however, has the function of nitrates been correctly 
understood. The investigations of Haldane {!) and Hoagland (S, 4) 
demonstrated that this function is the fixation of color which takes 
place through the reduction of nitrate to nitrite, and the combination 
of the latter with the hemoglobin of the meat. McBryde (7) showed 
that potassium nitrate has no more preservative power than common 
salt when tested against the organisms concerned in the spoilage 
of hams. Present scientific knowledge, therefore, indicates that 
nitrates are useful only as color fixatives and that their aid in pres¬ 
ervation is not of importance. 

The nitrates, as such, are without value as color fixatives and 
become active only when reduced to nitrites. In practice this is 
proved by the fact that if the formation of nitrites is prevented or 
interfered with in any way the color fixation is likewise prevented or 
interfered with. Unsatisfactory or insufficient formation of nitrite 
invariably results in unsatisfactory, inadequate, or irregular fixation 
of color. So far as color fixation is concerned, the progress of curing 
in a vat of meat in pickle may be followed by determining the nitrite 
content of the pickle. 

The formation of nitrite was ascribed by Haldane (f) to bacterial 
action. This opinion is evidently correct, as there are several cir¬ 
cumstances connected with practical meat curing which are best 
explained on the assumption that the nitrate is reduced by bacterial 
action. Among these are the variability of the cure, often observed 
in a new establishment, the advantageous results obtainable by ad¬ 
justment and control of the hydrogen-ion concentration of the pickle, 
the benefits derived from “seeding,^’ and the occasional failure of 
nitrite formation caused by development of acid-foiming organisms 
in the pickle. 


1 Received for publication Apr. 20,1926; issued September, 1926. 

2 Reference is made by number (italic) to “Literature cited/’ p. 551. 
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The source of the nitrate-reducing organisms has never been 
definitely ascertained, but in all probability it is multiple. Nitrate- 
reducing organisms are so widely distributed in nature that it would 
be difficult to find an environment in which they are not present. 
From general knowledge of the occurrence of such organisms it is to 
be presumed that the water used in making up the pickling solutions, 
the tables, trucks, and other equipment employed in handling the 
meats, the curing vats and boxes, and the meats themselves, are 
sources of nitrate-reducing organisms. It has been observed that 
organisms capable of effecting the conversion of nitrate to nitrite in 
the presence of such concentrations of salt as are commonly used 
in meat curing can be readfiy isolated from the fresh pickling solu¬ 
tions. Considerable variability in the vigor of growth and the 
rapidity and completeness of the conversion effected has been ob¬ 
served among different isolations. Other observations indicate that 
the cming vats are constant and reliable sources of the active nitrate- 
reducing organisms. Although it is customary to steam out the vats 
after use, it is known that this steaming does not result in steriliza¬ 
tion, and a vat once well inoculated with a vigorous and effective 
nitrate-reducing organism would doubtless harbor the organism for 
an indefinite and extended period. ^ The unifoz'mity of curing action 
which is often attained and maintained for long periods is explainable 
on this basis. 

The curing action proceeds, as a rule, with remarkable uniformity 
and regularity. An example of the typical course of nitrite formation 
is given in Table 1. 


Table 1.— Changes in nitrite content of nitrate pickle 


Day 

NaN02 
(parts per 
million) 

1 

Day 

NaN02 
(parts per 
million) 

1st. 

3.6 
10.0 
33.0 
138.0 
189.0 

41st.' 

1 421.0 

: 640,0 

! 700.0 

i 820.0 

887.0 

5th. 

48th. 

15th. 

65th. 

26th. 

62d. 

30th. 

65th. 




In contrast to the typical and satisfactory course of nitrite forma¬ 
tion cited above, various degrees of unsatisfactory formation, ranging 
from delayed formation necessitating a brief prolongation of the cur¬ 
ing period to nearly total failure of nitrite formation, have been 
observed. 

Any deviation from the liormal process is, of course, a source of 
loss, inconvenience, and expense. Means of eliminating the irregu¬ 
larities of nitrate formation and obtaining uniformity of curing have 
naturally been much sought. The means employed and the results 
obtained have not been published, but have been held as trade secrets 
by the various establishments using them. Consideration of the 
problem indicates that it may be solved either by the cultivation of a 
suitable nitrate-reducing organism in the pickle or by the direct addi¬ 
tion of the required nitrite as such instead of depending on the forma¬ 
tion by bacterial action. The first method, while unquestionably 
feasible, has the disadvantage of requiring expensive supervision, and 
is not applicable in the absence of a scientific laboratory. This 
method is therefore open only to the larger establishments. No ad- 
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vantage over the direct use of nitrite either from the standpoint of 
operations or of public health is apparent. The direct use of nitrite 
is therefore suggested as the method of choice. The experiments 
described herein were undertaken in order to determine the practica¬ 
bility of using nitrite directly and the advantages and disadvantages 
connected with such use. On the part of the bureau the possibility 
of harm to human health was of course given primary consideration. 

EXPERIMENTS IN DIRECT USE OF NITRITE 

The first experiment involving the direct use of nitrite was formally 
authorized January 19, 1923, as a result of an application by one of 
the large establishments operating under Federal meat inspection. 
Before that time other requests for permission to experiment with 
nitrite had been received but had not been granted. The authoriza¬ 
tion for the first experiment specified that the whole process was to 
be conducted under the supervision of bureau inspectors and that 
after the curing had been completed the meat was to be held subject 
to laboratory examination and final judgment and would be destroyed 
if found to contain an excessive quantity of nitrites or if in any way 
it was unwholesome or unfit for food. This principle was rigidly 
adhered to throughout the experimental period, no meat being passed 
for food until its freedom from excessive nitrites had been assured, 
either by laboratory examination or through definite knowledge 
from previous examinations, that the amount of nitrite used in the 
process would not lead to the presence of an excessive quantity of 
nitrites in the meat. 

By “excessive^’ is meant a quantity of nitrite materially in excess 
of that which may be expected to be present in similar meats cured 
by the usual process. The analyses given in Table 2 are typical of 
the nitrite content of meats cured with nitrate in accordance with 
the customary practice. 

Table 2. —Nitrite content of meats cured hy nitrate process 


Kind of meat 


NaN02 

(parts 

per 

million) 


Ham (whole slice, ground) 

Do. 

Do. 

Do. 

Corned beef,. 

Do. 

Do.. 

Do. 

Do.-. 

Do. 

Salt Pork. 

Do... 

Dried beef. 

Do. 

Boiled ham. 

Do.. 

Do.. 

Salt pork^. 

Do... 

Do. 

Do. 

Smoked shoulder. 

Salt pork. 

Ham. 

Corned beef. 

Ham. 

Do. 


72.0 

40.0 

88.0 

104,0 

3.6 

2.4 

41.0 

24.0 

12.0 

12.0 

7.2 


12,0 

12.0 

17.0 

24.0 

2.4 

208.0 

14.4 

240.0 

180.0 

2.4 

60.0 

60.0 

48.0 

36.0 


Kind of meat 

NaN02 

(parts 


per 

million) 


Ham..... 

llam (outside portion of piece). 
Ham (inside portion of piece) -, 
Ham (outside portion of piece). 
Ham (inside portion of piece). - 
Ham (outside portion of piece.). 
Hara (inside portion of piece).- 
Ham (outside portion of piece)- 
Ham (inside portion of piece) -. 
Bacon (outside portion of piece) 
Bacon (inside portion of piece), 
Bacon (outside portion of piece) 
Bacon (inside portion of piece). 
Bacon (outside portion of piece) 
Bacon (inside portion of piece), 
Bacon (outside portion of piece) 
Bacon (inside portion of piece). 
Bacon (outside portion of piece) 
Bacon dnside portion of piece). 
Bacon (outside portion of piece) 
Bacon (inside portion of piece) - 

Dry-salt butt. 

Do. 

Dry-salt fatback. 

Do. 

Boiled ham. 

Smoked ham. 


60.0 
480.0 
192.0 
624.0 
288.0 
576. 0 
480.0 
060. 0 
576.0 
120.0 
104.0 
640.0 
624.0 
144.0 
72.0 
120.0 
96.0 
96.0 
56.0 


288.0 

1.5 

2.9 

1.9 

1.6 

16.0 
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Under the terms of the initial authorization, 92 pieces of meat 
weighing in all 1,142 pounds were cured in pickle containing approxi¬ 
mately 0.2 per cent of sodium nitrite, and 94 pieces of bacon, weigh¬ 
ing 1,270 pounds, were cured in boxes with a dry mixture containing 
sodium nitrite. These experiments were paralleled by like^ quan¬ 
tities of meat cured in pickle and with a dry mixture containing the 
usual proportions of sodium nitrate. Analyses were made of the 
finished meats, as well as of the curing materials used, and of the 
pickles at different ages. The finished meats were also tested by 
cooking and serving to a considerable number of persons, of whom 
some Imew that an unusual process of curing had been used, and 
some did not. The judges were all department employees, and 
included trained scientists, experienced meat inspectors, and others 
familiar with conunercially cured meats. 

Close attention was given to the quality and flavor of the finished 
meats as well as to nitrite content throughout the experiments, 
since it is obvious that any change in the customary curing process 
which resulted in impairing the quality of the product would not be 
in the public interest. The general plan outlined above was followed 
throughout the experimental period. 

The changes in the nitrite content of the pickle in two vats of 
hams in nitrite cure are shown (Table 3) for comparison with the 
corresponding changes in a typical nitrate cure (Table 1). 


Table 3. —Changes in nitrite content oj nitrite pickle 


Day 

j 

NaNOa (parts per 
million) in— | 

Day 

NaNOa (parts per 
million) in— 

Vat A 

Vat B 

Vat A 

VatB 

1st...-. 

1,820 
1,365 
1,259 
1,100 
1,058 
8.6 

1,820 

1,365 

1,213 

1,040 
1,024 
830 

48th . 

864 

850 

810 

730 

824 

790 

720 

5th. 

55th. 

15th. 

62<i... 

26th. 

66th . 

30th. 

68th. 

720 

41st. 





An examination of five of the hams cured with sodium nitrite 
showed an average nitrite content ranging from 42 to 150 parts per 
million. The nitrite content was found to be greatest in that part 
of the ham nearest to the flesh side and least in the center next to 
the bone. The maximum nitrite content of any part of any nitrite- 
cured ham was 200 parts per million. The hams cured with nitrate 
in the parallel experiment showed a maximum nitrite content of 45 
parts per million. 

From the standpoint of flavor and quality the results were satis¬ 
factory. All judges agreed that the nitrite-cured meat was fully 
equal in quality and flavor to that cured by the customary process. 
No deficiency in quality or flavor was noted by any of them, and 
none of them were able to distinguish the nitrite-cured meat from 
that cured by the customary process. 

In addition to the curing of hams in sweet pickle, the initial 
experiment covered the curing of bacon, both in sweet pickle and 
by the box process. The results with both types of bacon were 
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also successful. The initial experiment therefore demonstrated that 
hams and bacon could be successfully cured with sodium nitrite, 
and that nitrite curing need not involve the presence of as large 
quantities of nitrite in the product as sometimes are found in nitrate- 
cured meats. 

Following the successful outcome of the initial experiment, further 
experiments were authorized, first at the original establishment and 
subsequently at others. In all, experiments were conducted at 17 
establishments in 13 cities. These establishments ranged in size 
from two of the largest in operation to those of rather small size, 
and included some at larger centers of consumption as well as several 
in the producing sections. The products cured included pork shoul¬ 
ders, shoulder butts, pork loins, pork trimmings, pork tongues, beef 
tongues, lamb tongues, corned beef, and dried beef, as well as hams 
and bacon. Representatives of the Institute of American Meat 
Packers participated in the experiments at certain establishments. 
Their results have been published elsewhere (5, 6). The duration 
of the experiments ranged from two years and eight months at the 
first establishment to a few weeks at the last establishment per¬ 
mitted to conduct experiments. The quantity of meat cured with 
sodium nitrite was large, as all establishments were permitted to 
make their experiments on a commercial scale. The results pub¬ 
lished here were therefore derived from full-scale operations and are 
directly applicable to commercial meat curing. 

Supervision of the experiments followed the plan outlined in the 
first experiment. No control was exercised over the curing formulas 
except that a rather liberal linadt was set to the quantity ofmitrite 
which might be used and the establishment was not permitted to 
exceed that limit. The first experiment having shown it to be easily 
attainable, 200 parts per million was fixed as a tentative limit for the 
nitrite content of the finished meats. 

Results of large-scale operations confirmed those of the first ex¬ 
periment. It was demonstrated at each establishment which con¬ 
ducted experiments that sodium nitrite could be successfully sub¬ 
stituted for the sodium or potassium nitrate customarily used, and 
that the direct use of nitrites did not involve any increase in nitrite 
in the finished meat. Results for each establishment will not be 
given, since this would involve a needless repetition. 

All operations were conducted under the direct supervision of 
Federal inspectors. Packing-house officers and employees, however, 
arranged for and conducted the actual handling of the meat.^ 

The results obtained with hams in sweet-pickle cure at two estab¬ 
lishments at which nitrite-curing experiments were conducted on a 
considerable scale are given in Table 4. 


»The writers acknowledge the excellent cooperation of the many Federal inspectors and packing-house 
employees who participated in this work and who furnished the data on which the results here reported 
are based. 
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Table 4 .—Sodium nitrite in corresponding samples 0 / pickle and 0 } meat 


Establishment A. NaNOo (parts per million) 
Pickle i Aleal 


Establishment B. NaN02 (parts per million) 
Pickle t 


500. 

450. 

630. 

650. 

625. 

550. 

600- 

600- 

600. 

550- 

500. 

400. 

450- 

400- 

375. 

450. 

450. 

400- 

550. 

600. 

450- 

550- 

550- 


20 

20 

30 

35 

50 

40 

35 

50 

40 

30 

40 

30 

20 

80 

30 

80 

50 

90 

95 

90 

100 

60 

65 


450- 

600- 

500. 

650. 

600- 

500. 

650- 

600. 

650. 

550. 

450. 

650. 

550. 

600. 

400. 

650. 

550. 

450- 

600. 

550. 

600- 

550- 

600. 


60 

30 

50 

70 

50 

70 

70 

70 

60 

60 

40 

100 

60 

80 

70 

70 

80 

90 

85 

70 

90 

90 

85 


The first column shows the nitrite strength of the pickle at the 
conclusion of the curing period. The second shows the nitrite con¬ 
tent of the meat cured in the pickle represented by the corresponding 
sample. The nitrite content of the pickle at the conclusion of the 
curing-period ranges from 375 to 650 parts per million. This corre¬ 
sponded to a nitrite content of from 20 to 100 parts per million in 
the smoked hams. These samples were collected at approximately 
monthly intervals during a period of 18 months and show results of 
large-scale operations. 

Comparable results were obtained on the other products cured with 
sodium nitrite. In no case and in no establishment did the nitrite 
content of the finished product exceed, or regularly approach, the 
tentative limit of 200 parts per million, after the employees of the 
establishment had become familiar with the use of nitrite. 

Some differences were noted in the application of nitrite curing to 
individual products, although the underlying principles, of course, 
are applicable to all products. Curing in all cases and in all products 
consists in the absorption of sufficient salt to preserve the meat, the 
fixation of color, and the development of that distinctive flavor and 
texture which distinguishes cured from fresh meats. If any one of 
these three factors fails the results are unsatisfactory. Differences 
in curing methods for different products are determined by the size, 
shape, and character of the different cuts and products and to a less 
degree by the salt content and flavor desired in the finished product. 

The irreducible minimum of time in all curing is that period 
required for the meat to take up the required quantity of salt. In 
curing with nitrates the absorption of salt runs ahead of the fixation 
of color, since salt penetration begins as soon as the meat is placed 
in cure, while color fixation can not begin until nitrite is formed. In 
nitrate curing, therefore, the meats must be held in cure for a more or 
less extended period after they have taken up the necessary salt. 
By the use of nitrite this additional period of waiting for color fixation 
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is avoided, as color fixation, like salt penetration, begins at once. 
For this reason the use of nitrite makes possible a material shortening 
of the curing period. In actual practice, with one exception, a shorten¬ 
ing of the curing period was realized at all of the establishments in which 
experiments were conducted. The exception was an establishment 
in a large consuming center, which had been using an exceptionally 
rapid curing process. Although no reduction of the curing period 
was accomplished in this instance, the quality of the product was 
materially improved. In one establishment the shortening amounted 
to 60 per cent of the former curing period; in the other establishments 
the shortening amounted to from 10 to 40 per cent of the former 
curing period. 

The flavor and quality of the ineat cured with nitrite was in all 
cases at least equal to that cured with nitrate by the process regularly 
used by the establishment. In one case no improvement could be 
detected, the nitrite-cured meat being identical with that cured by 
the establishment in the regular way. In all other cases an improve¬ 
ment in quality was discernible after the nitrite-curing process had 
been established on a working basis. 

The quantity of sodium nitrite required for successful fixation of 
color varies according to the process employed. One-fourth of an 
ounce, or less, of sodium nitrite appears to be sufficient to fix the 
color of 100 pounds of meat. In case of chopped meats, such as 
trimmings, where all the curing materials added remain in the meat 
and none is lost in the form of unused pickle or residual liquid, this 
proportion has been found to be sufficient. In other products -the 
use of somewhat more nitrite is required. In any case 1 ounce of 
sodium nitrite appears to be sufficient for 100 pounds of meat. The 
minimum quantity used in any experiment in the curing of hams in 
sweet pickle corresponded to %% ounces of sodium nitrite to 100 
gallons of pickle, or aj)proximately ounce to 100 pounds of meat, 
This proportion was insufficient for satisfactory color fixation, as 
also was a pickle containing 13J^ ounces in 100 gallons, or approxi¬ 
mately ^ ounce to 100 pounds of meat. On the other hand, a pickle 
containing pound of sodium nitrite in 100 gallons, or a little less 
than ounce to 100 pounds of meat, was used with success at 
another establishment. In the latter case, however, the hams were 
pumped with a stronger pickle, so that the quantity of nitrite actu¬ 
ally added to the meat is not accurately known and was more than 
that contained in the pickle. From the information available it 
appears that the nitrite strength of either curing or pumping pickles 
should not be less than pound or more than 2 pounds to 100 gal¬ 
lons. This applies to all products cured in pickle, either plain or 
sweet; that is, with or without sugar. 

At one establishment hams cured in a nitrite pickle were also 
pumped with a pickle containing a large quantity of nitrate. ^ The 
pumping pickle was also of high salt strength. The nitrate injected 
with the pump pickle was found to remain in the ham without mate¬ 
rial change throughout the curing process, so that the hams at the 
completion of the cure contained only such nitrites as were derived 
from the curing pickle. After cutting and exposure of the cut sur¬ 
faces to the air, rapid reduction of nitrate took place, so that within 
a short time the meat contained large quantities of nitrites; At the 
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same time a decidedly disagreeable flavor was developed. After 
applying the obvious remedy, namely, i;eplacement of the nitrate¬ 
pumping pickle with one containing a suitable proportion of nitrite, 
further results were satisfactory. 

At several other establishments nitrite and nitrate were tried in 
combination. No advantage was found to result from the combi¬ 
nation in any case. If nitrite is used at all, it appears desirable to 
employ a sufficient amount to fix the color of the meat. If this is 
done, no advantage from the addition of nitrate is evident. 

Several establishments used nitrite in the curing of bacon by the 
box process. This process consists in packing the bacon in a water¬ 
tight box with the curing mixture. Although often referred to as a 
dry-curing process, it is not that in fact, as the curing mixture within 
a very short time forms a solution through extraction of fluid from 
the meat, and the meat is thereafter immersed in the liquid thus 
formed. The process is therefore “dry” only in the sense that no 
fluid is added. The proportions of nitrite used ranged from 
ounce to IJi oimces to each 100 pounds of meat. All proportions 
used were successful, the smallest being sufficient for satisfactory 
color fixation while the greatest did not result in excessive nitrite 
in the meat. The experiments demonstrated the necessity of thorough 
mixing of the curing ingredients, as in one instance the meat was 
damaged by local action of nitrite resulting from imperfect mixing. 
Each establishment which experimented with this process accom¬ 
plished a material shortening of the curing period. 

In curing pork loins with nitrite one establishment failed to 
obtain a satisfactory color and attempted to get better results by 
increasing the proportion of nitrite. The attempt proved unsuccess¬ 
ful, and it was found that the failure was caused by a lack of hemo¬ 
globin in the meat rather than of nitrite in the curing mixture. In 
this instance ounce of sodium nitrite was found to be more than 
sufficient to secure the maximum possible color in 100 pounds of pork 
loins. The results of this experiment are of particular interest in 
showing that a lack of color in the product may be caused by a lack 
of sufficient hemoglobin rather than by a lack of nitrite, and that 
when such is the case it is of no avail to increase the proportion of 
nitrite. 

Experiments involving the use of nitrite in smoked and cooked 
sausage were of particular interest. In the manufacture of sausage 
of this type it is customary to use a curing process. In this process 
all or part of the trimmings may be cured before chopping, or the 
curing agents may be added to the chopped meats and the mixture 
allowed to stand long enough, under suitable conditions, to attain 
the effect desired. In either case the use of nitrate is customary 
and the formation of nitrite and fixation of color are essential parts 
of the curing process. The curing period being in all cases short, 
the proportion of nitrate commonly used is liberal. This may result 
in the presence of considerably more nitrite than is required in the 
finished product. In Table 5 are given the results of a survey which 
included all brands of sausage of the Frankfurter style and imitation 
sausage resembling Frankfurter style prepared at establishments 
operating under Federal inspection at one meat-inspection station 
of the bureau. 
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Table 5. —Nitrite content of Frankfurter style sausage and imitations 'prepared 

with nitrate 


Sample 

No- 

Estab¬ 

lishment 

Product 

NaN02 
(parts per 
million) 

6475 

A 

i 

Imitation Frankfurter. ; 

Trace. 

5476 

A 

Frankfurter style sausage.. I 

30 

5578 

B 

Imitation Frankfurter. . j 

160 

5580 

B 

Frankfurter style sausage... ! 

160 

5581 

B 

.do. 

160 

5582 

B 

.do. 

250 

5583 

B 

.do.-. 1 

625 

5642 

C 

Imitation Frankfurter. i 

20 

5643 

D 

Frankfurter style sausage... i 

1 1,400 

5644 

D 

Imitation Frankfurter. ! 

50 

5645 

C 

Frankfurter style sausage.1 

20 

5682 

E 

Imitation Frankfurter. 

140 

5683 

E 

Frankfurter style sausage. 

500 

5684 

E 

.do. 

; 250 


Nitrate was used in the preparation of the products represented 
by all of the samples shown in Table 5. The quantities of nitrate 
were such as are commonly employed, and no unusual process of 
curing or manufacture was used. The results, therefore, are typical 
of what may be expected from the ordinary and usual processes of 
sausage manufacture. An examination of a large number of samples 
collected from numpous establishments in different cities has shown 
that the variations in nitrite content indicated in Table 5 are typical 
and not exceptional. 

The experiments involving the use of nitrite in sausage showed 
that the curing period can be materially shortened. The nitrite 
being added in the form of the pure salt, the quantity can be accurately 
controlled and the variation in the nitrite content of the product 
prevented. It was found that one-fourth ounce or less of sodium nitrite 
is sufficient to fix the color in 100 pounds of sausage meat. The 
results shown in Table 6 are typical of the nitrite content of sausage 
prepared with sodium nitrite. 


Table 6. —Nitrite content of sausage prepared with nitrite 


Sample 

No. 

Estab¬ 

lish¬ 

ment 

; 1 

Product 

{ 

NaNOs 

(parts 

m^Uon) 

1211 

E 

Frankfurter style sausage.'.. 

40 

4527 

F 

Bologna style sausage...; 

60 

2886 

G 

Frankfurter style sausage....... 

I 150 

2898 

G 

Luncheon meat. 

1 SO 

3627 

G 

Minced luncheon. 

1 50 

3628 

G 

Frankfurter style sausage. 

1 50 

3646 

G 

.do.-. 

i “ 


It is evident from Table 6 that the nitrite content of sausage 
can be controlled within very much narrower limits when nitrite is 
used instead of nitrates. 
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EFFECT OF THE USE OF NITEITE ON THE PUBLIC HEALTH 

During the whole course of the experiments the question of possi¬ 
ble harm or benefit to the health of the public was given primary 
consideration. The presence of nitrites in cured meats, however, 
was already sanctioned by the authoritative interpretation of the 
meat inspection and pure food and drugs acts sanctioning the use of 
saltpeter (5); as shown previously, meats cured with smtpeter and 
sodiunr nitrate regularly contain nitrites. The questions to be 
decided, then, were whether sodium nitrite could be successful^ 
substituted for saltpeter or sodium nitrate, whether the residual 
nitrite in the meats cured with sodium nitrite would be greater than 
that in meats cured in the usual manner, and whether the meats 
cured with sodium nitrite would in any way be less wholesome 
than those cured by the usual process. The results have shown that 
nitrites can be successfully substituted for nitrates. No curing 
difficulties caused by the use of nitrites were observed. At no 
establishment was any increase in the proportion of spoilage observed. 
The residual nitrites found in the nitrite-cured meats were less than 
are commonly present in nitrate-cured meats. The maximum 
quantity of nitrite found in nitrite-cured meats in particular was 
much smaller than the maximum resulting from the use of nitrate. 
The nitrite-cured meats were also free from the residual nitrate which 
is commonly present in nitrate-cured meats. No other condition or 
character was observed in the nitrite-cured meats which could 
possibly make them any less wholesome than if cured with nitrate. 
No objection to the substitution of nitrite for nitrate from the stand¬ 
point of public health was therefore disclosed by the experiments. 
On the contrary, the more accurate control of the amount of nitrite 
and the elimination of the residual or unconverted nitrate are definite 
advantages attained by the substitution. 

SUMMARY AND CONCLUSIONS 

Sodium nitrite can be successfully substituted for sodium or 
potassium nitrates in the curing of meat. 

From one-fourth to 1 ounce of sodium nitrite is sufficient to fix 
the color in 100 pounds of meat, the exact quantity depending on 
the meat to be cured and the process to be employed. 

Meats cured with sodium nitrite need contain no more nitrites 
than meats cured with nitrates, and are free from the unconverted 
nitrates regularly present in nitrate-cured meats. 

A shortening of the customary curing period may be obtained by the 
use of nitrite. 

Meats cured with sodium nitrite in the proper quantity and in 
accordance with sound practice are in no way inferior in quality or 
wholesomeness to meats cmed with nitrates. 

As a result of the experiments described above, the use of sodium 
nitrite in meat curing in Federally inspected establishments has been 
formally authorized by the Department of Agriculture ( 8 ), subject to 
meat-inspection regulations. 
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electrodialysis of the colloidal soil material 

AND THE EXCHANGEABLE BASES ^ 

By Sante Mattson 

Associate Chemist, Division of Soil Chemical Investigations, Bureau of Soils, 
United States Department of Agriculture 

INTRODUCTION 

Recent investigations in the Bureau of Soils have shown that the 
colloidal material present in any soil contains 10 or more elements in 
widely varying proportions {19)? Various attempts to fractionate 
the material into substances of more definite composition have not 
met with much success. How^ever, dialysis of the material indicated 
that one colloid held about 1 per cent of its constituents lessfirmly 
than the remainder. Long-continued treatment apparently removed 
all the lime, soda, and sulphur but only a small part of the magnesia, 
potash, and other elements. 

It was thought that further evidence concerning the firmness with 
’which the different constituents are held in the colloid might be 
obtained by electrodialyzing the material. Electrodialysis is similar 
to ordinary dialysis, but is much more rapid and effects a separation 
of the diffusible ions of opposite charge. 

The mass of data that has been accumulated on base exchange in 
soils indicates that the colloidal soil material must contain a fairly 
definite part of its bases in a reactive condition. It was therefore 
important to compare the bases that can be removed by electro- 
di^ysis with the quantity removable by base exchange with a salt 
solution. 

PREVIOUS WORK 

While electrodialysis has been used in other fields of investigation, 
only a few attempts appear to have been made to apply it to the 
study of soils. Cameron and Bell (4) studied the results of continu¬ 
ously removing the products of hydrolysis from powdered horn¬ 
blende, apatite, etc., by the use of the electric current. Gradually 
decreasing, small amounts of monovalent and divalent bases were 
thus removed. It is therefore evident that the minerals of a soil 
would be attacked to a slight extent by this treatment. 

Konig, Hasenbaumer, and Hassler {15) and later Konig, Hasen- 
baumer, and Kuppe {16) studied the amount of material removable 
from different sods by the electric current and found that there was 
some correspondence between the material removed by electrodialysis 
and that removed by steam and hydrogen peroxide. 

The study of base exchange in soils, which dates back to Way (^0), 
has lately received new impetus through the work of Gedroiz {S) in 
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Russia, Kappen {17) in Gennany, Hissink {IS) in Holland, and 
Kelley and Brown {H) in this countiy. The following facts estab¬ 
lished in numerous investigations bear on the subject dealt with in 
this paper. It has repeatedly been shown that in place of the bases 
removed from a soil by treating it with a neutral salt solution an 
approximately equivalent quantity of the cation of the salt is ad¬ 
sorbed. As to the quantity of exchange, it has been shown that 
while this varies in any single treatment with the concentration and 
volume of the solution and with the kind of cation, approximately 
the same end point is reached when different salts and concentrations 
are used, provided the soil is treated a sufficient number of times. 
This indicates that a given soil contains a fairly definite quantity of 
bases present in a particularly reactive condition. 

These facts were established for the whole soil, but it was generally 
believed that the reactive bases were present in the colloidal material 
and this is now known to be so. A recent study {1) shows that the 
adsorbing power of a soil for various substances is practically all 
due to the colloidal fraction, and recent work of Kelley and Brown 
{IJf) indicates that this is also true in the case of exchange adsorption 
with inorganic salts. 

Since practically all the invesitigations of base exchange were con¬ 
ducted on whole soils in which neither the quantity nor composi¬ 
tion of the colloid was known, no data are available to show what 
part of the total bases in the colloid are exchangeable. 

METHODS 


For the following work colloidal fractions of the Sharkey clay soil 
and the Norfolk fine sandy loam,® prepared by the supercentrifuge 
method as explained in a previous publication {10, p. 16), were 
selected. These two colloids in chemical composition and colloidal 
properties are representative of the wide differences that have been 
encountered in the examination of a large number of soil colloids 

{19). The vSharkey colloid is gray in color, has a high - A 

ratio, a high content of monovalent and divalent bases, a high 
adsorptive capacity for ammonia gas and basic dyes, and is stroni^y 
electronegative as measured by the amount of methylene blue re¬ 
quired to render a given quantity of the clay isoelectric. The Norfolk 

colloid is yellow, has a low ratio, a low content of 

monovalent and divalent bases, a low adsorptive capacity, and is 
weakly electronegative. 

Table 1 gives the composition of these two soil colloids essentially 
as determined by the fusion method of the Association of Official 
Agricultural Chemists (S). Carbonates were absent in both samples, 
and easily soluble salts, which were low in the original soils, were 
further reduced by the large quantities of distilled water used in the 
separation of the colloidal material. 


«Tlie sample soil was taken to a depth of finches, new Talley Oounty, 

Hiss, of 3§?orfoik fine sandy loam was taken fronri^lo inohes, oae-fonrth mile south of 

Wayne N, C. - 
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Table 1 . — Analysis of the Sharkey clay and Norfolk fine sandy loam soil colloids 


Kind of colloid 

9 

Ti02 

AI 2 O 3 

P 02 O 3 

MnO 

CaO 

MgO 

K 2 O 


Per cent 
52.05 
39.25 

Per cent 
0.51 
.82 

Per cent 
22.52 
33.61 

Per cent 

8.12 
11.24 

Per cent 
0.035 
.006 

Per cent 
1.36 
.30 

Per cent 
2.52 
.44 

Per cent 
1.89' 
.49 



Kind of colloid 

NaaO 

P 2 O 5 

SO 3 

Ignition 

Total • 

Organic 

j Mols. SiOa 

jMols.AhOs & FC 2 O 3 

Sharkey_-— 

Per cent 
0.21 
.25 

Per cent 
0,64 
.23 

Per cent 
0.20 
.05 

Per cent 
9.99 
14.04 

Per cent 
100.05 
100.73 

Per cent 
3.92 
1.90 

3.18 

1.63 

Xorfolk . ^ _ 



The exchangeable bases in the colloid were determined by leaching 
with normal NH4CI, essentially as proposed by Hissink {IS) for soils, 
and also by treating with 0.05 normal HCl, as recently proposed by 
Gedroiz {9), Briefly, the procedure for extraction with NH4CI was 
as follows: A 10 gm. sample of the colloid was shaken up with an 
ammonia chloride solution and then leached with 1 liter of hot 
normal NH4CI. The bases were determined in the filtrate. The 
procedure for extraction with 0.05 
normal HCl was^ similar, except 
that 5 gm. of colloid were used and 
300 c. c. of acid. 

. The apparatus used for electro¬ 
dialysis was a three-chambered cell. 

The central chamber containing the 
soil material was separated from the 
outer electrode chambers by means 
of parchment paper. The cell was 
constructed by bolting together 
three U-shaped pieces of soft plate 
rubber (Bi, C, B 2 ) and two sheets 
of parchment paper between two 
hard rubber plates (Ai A 2 ) as shown 
in Figure 1. The electrodes (Ei E 2 ) 
were of platinum wire gauze and 
were large enough to extend to the 
sides and bottom of the chambers. 

A lattice of glass rods, not shown in 
the figure, was placed in each of the 
electrode chambers to support the 
parchment and prevent bulging 
when the central compartment was filled with the soil material. The 
electrode chambers were provided with outlets (Oi to facilitate 
the withdrawal of the electrodialysates. 

This form of cell was found to be very satisfactory for the elec¬ 
trodialysis of soils. The large area of the electrodes and the thinn^s 
of the central soil chamber reduced the resistance so that when a 



Fig: 1.—Apparatus used for the electrodi^ysis 
of soils aud soil colloids 


* Outlet Qa is pu the side opposite to Oi hut is not shown in the figure. 


i 
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220 -volt direct current was applied to the cell with a 50 to 25 watt 
lamp in series the temperature did not rise above 50° C. With a 
central chamber of the dimensions given in Figure 1 , approximately 
100 gm. of soil or 60 gm. of the colloid could be electrodialyzed at 
one time. 

The parchment paper always contains impurities, especially sul¬ 
phates. These were removed by filling all the chambers with water 
and allowing the current to flow for some time with a few changes 
of water. 

The removal of anions is somewhat retarded by the electronega¬ 
tive charge of the soil and parchment membrane. The water at the 
interfaces being correspondingly electropositive, there is an electro- 
osmotic movement of the liquid toward the cathode which impedes 
the migration of the anions. The use of an electropositive chrome- 
gelatin membrane on the anode side has been recommended by 
Freundlich (7) to nullify this one-sided electrosmose. There does 
not seem to be any necessity for using such a membrane when soil 
materials, which contain a considerable excess of diffusible cations 
over anions, are subjected to prolonged treatment. It was found 
that the same proportions of bases and acids were removed from a 
soil whether the anode membrane was positive or negative. Further¬ 
more, on electrodialyzing a dilute solution of K 2 SO 4 it was found that 
the retardation of the anions is only temporary and does not prevent 
a quantitative separation. The alkalinity of the cathode solution 
was considerably higher than the acidity 01 the anode solution at the 
end of the &st half hour; but after another half hour, when the 
electrodialysis was completed, a quantitative relationship obtained. 

PRELIMINARY EXPERIMENTS ON ELECTRODIALYSIS 

Before making quantitative determinations on the colloidal soil 
material, preliminary tests were conducted with two untreated soils 
in order to gain an idea of the approximate time required for the 
electrodialysis to reach an end point. The two soils tested were the 
Sharkey clay, which is high in monovalent and divalent bases, and 
the Manor loam, which is comparatively poor in these bases. 

The rate at which material was removed was determined by with¬ 
drawing the electrodialysates from the cathode and anode chambers 
hourly and titrating the bases and acids with phenplphthalein as an 
indicator. A 78.35 gm. sample of the Sharkey soil and a 98.85 gm. 
sample of the Manor soil were electrodialyzed. The specific con¬ 
ductivity in reciprocal ohms of the Sharkey soil in the pasty condition 
at 25° C. was 1287X10““ before and 286X10““ after electro- 
dialysis, while the conductivity of the Manor soil under the same 
conditions was only 152X10“® before and , 34X10“® after the 
treatment. 

Table 2 shows the milliequivialents of titrable bfiw afid acid 
removed houriy from the two sods. • ■ ' ' 
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Table 2, —Bases and acids removed hourly by electrodialysis of two soils 


Time of eloc- 
trociialysis 


Hours 

1. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

11 . 

12. 

13 . 

14 . 

15,. 

la:. 

17 ... 

18 . 

19 . 

20 . 

21. 

22 . 

Total-- 


Sharkey clay soil 


Bfiso 

Acid 

MillU 

MillU 

equivakntH 

equivalents 

2.656 

0.860 

2.340 

.255 

2.282 

.205 

2.260 

.175 

«2.710 

«.320 

2.060 

.090 

2.015 

.090 

1.995 

.090 

1.900 

.085 

1.810 

.085 

3.616 

.086 

<*1.830 

<*.250 

.816 

.075 

.650 

.070 

.420 

.065 

.360 

.070 

.300 

.066 

.260 

.070 

O.410 

“.lOO 

.140 

.060 

.120 

.060 

.090 

.060 

28.937 

3.375 


Manor loam soil 


Appearance of 
cathode dialysate 

Base 

Acid 

Clear,-. 

Mini- 

equivalents 

1.810 
1.180 

.410 

.110 

.043 

Mini- 
equivalents 
0.152 
.062 

.050 

.042 

.040 

.do. 

.do.. 

.do. 

_do.. 

.do.. 

.do---. 



.do.-. 


. 

.do.. 



.do. 

. 


.do. 



Light-colored sedi¬ 
ment. 

.do.. 




i. 

.do.. 



.do,.. 



.do. 



Reddish sediment - 



.do--,. 



.do... 



-_.-.do-,-. 



.do.. 



.do. 







3. 563 

.346 



Appearance of 
cathode dialysate 


Clear. 

Light'colored .sedi¬ 
ment. 

Do. 

Reddish sediment. 


« These relatively high values are the result of standing overnight with no current passing. 


It will be noticed that the quantity of titrable, or soluble, base 
removed hourly from the Sharkey clay soil remains high during the 
first 12 hours and then falls sharply, but is still determinable at the 
twenty-second hour. In the case of the Manor loam, a sharp de¬ 
crease is evident at the end of the second hour. Coincident with the 
rapid falling off in the quantity of soluble bases, the cathode solution 
becomes turbid. This turbidity is at first light colored and consists 
chiefly of Mg (OH), and A1 (OH),. Later it becomes brownish due 
to Fe(OH) 3 . The appearance of the insoluble bases is evidently 
governed by the^, hydrogen-ion concentration in the central chamber 
containing the soil. The electrodialysis of the Sharkey clay was in 
one case interrupted at the point where a sediment began to appear, 
and the Ph, as far as could be determined colorimetrically in the 
rather turbid soil extract, was found to be 6.4. Owing to the alkaline 
reaction in the cathode chamber, the cations of insoluble bases must 
be predintated as soon as they reach this chamber. 

In this e^eriment no definite end point was apparent in the yield 
of electrodi^yzaWe material. Subsequent tests showed, however, 
that when the ^ectyodialysis of the Sharkey soil was prolonged to 
42 hoiBfs, titrable bases in the hourly extract were less than 0.01 
millieqtityaleat and; the yield of insoluble bases had practically 
vmushedv. W fairly definite end point, although it is ajH 

proaohedSe^fmptoticaJly. The soil colloids in the foHowiii^ experi¬ 
ments WfflPia’SM»efore ^ieetrodialyzed imtil the hohrly cathode extrael 
required lefts Aan one drop of N/10 acid for nentriikation and con¬ 
tained little oar no ?pdtoent. 
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It will be noted that the yield of acids in this experiment was only 
one-eighth to one-ninth that of the soluble bases. The titrable acid 
consisted chiefly of H2SO4 and H3PO4. 

While Table 2 shows the rate at which the combined soluble bases 
are remoyed from the wlile soil, it does not show the rates at which 
the individual bases are|removed from the colloidal material alone. 
In order to gain information on this point, a sample of the Sharkey 
colloidal material was electrodialyzed and three successive fractions 
of the cathode dialysate were analyzed separately. 

The Sharkey colloidal material electrodialyzed was not part of the 
sample, the analysis of which is given in Table 1, but was isolated 
from the same lot of soil and was very similar in composition. A 
sample of 54.6 gm. was electrodialyzed for 42 hours, the cathode 
solution being removed hourly. The last cathode solution required 
only 1 drop of N/10 acid for neutralization and was about free from 
sediment. The cathode solutions removed each hour were combined 
to form three separate fractions that corresponded to the changes 
observed in the preliminary experiment. The first fraction, A, 
amounting to 1,850 c. c., contained the first 12 hourly solutions, all 
of which were clear. Fraction B, of 930 c. c., included the solutions 
obtained during the 6 succeeding hours and represented the solutions 
which contained the light-colored sediment. Fraction C, of 3,060 c. c., 
collected in the last 24 hours, contained all solutions showing an appre¬ 
ciable quantity of brownish sediment. 

Table 3 shows the bases present in each fraction, expressed as 
percentage of the weight of oven-dry colloid. 

Table 3. —Successive fractions of hoses removed by electrodialysis of the Sharkey 

soil colloid 


Fraction 

Fe208 

AI 2 O 3 

Ti02 

MnO 

CaO 

MgO 

K 2 O 

, Na20 

A. 

B. 

0.. 

Total. 

Per cent 
Trace, 

0.008 1 
.091 

Per cent 
Trace. 
0.054 
.109 

Per cent 
None. 
None. 
None. 

Per cent 
Trace. 
0.003 
.016 

Per cent 
1.075 
.137 

.068 I 

Per cent 
aoo7 
.136 
,245 

Per cent 
0.091 
.017 
.022 

Per cent 
0.030 
.009 
.007 

.099 

.163 

None. : 

.019 

1.270 

.388 

.130 

.046 


The first or clear fraction contained most of the lime, i)otash, and 
soda removed during the whole period of electrodialysis; only a 
small quantitylof magnesia and traces of the other bases were present. 
In the second^ fraction magnesia increased markedly, and alumina, 
iron, and manganese began to appear in determinable quantities. 
The last fracfion differed from the second in' a further increase in 
the inagnesia,‘ iron, alumina, and manganese., . Thp order in -which 
the different bases appear in the cathode chamh:^& about as follows: 
Ca, K, and Na; Mg; Al, Mn, and Fe. . , , 

This order may nbt represent the order in whwh tho hatjons are 
actually released from the soil colloid particles'. -The nialtit^iance of 
Fe, Al, Mn; and Mg in solution and oonsequoh® v^pg'Pqrt.by 
the etorrmt is: dependent on the Pg. Under tbe thO; ^- 

periment^ the Eh in fdie central chamber is modified % tfe tran^ort 
of H and OH ions resulting from the elecfrolyste wd bas^ 

in the anode and cathode ^eanbers, respectively.^ ,4i’We beginning 
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of the experiment the layer in the central chamber adjacent to the 
cathode parchment is alkaline and the layer adjacent to the anode 
parchment is acid. Later, as the bases are removed, the reaction 
becomes acid, throughout the chamber. 

PART OF THE BASES IN THE COLLOID REMOVED BY ELECTRO- 

DJALYSIS 

In order to determine what part of the bases in the soil colloid 
are removable by the action of the current, samples of the Sharkey 
and Norfolk soil colloids which had previously been analyzed (Table 1) 
were electrodialyzed until the hourly cathode dialysate was nearly 
clear and neutral. 

Table 4 shows the quantity of each base removed by electrodialysis, 
as percentage of the sample; the quantity of each base present, as 
percentage of the sample; and the proportion of each base removed, 
as percentage of the quantity present. 

Table 4. —Proportion of each base removed by electrodialysis “ 


Kind of 
colloid 

Determinations 

AI2O3 

FeaOa 

MnO 

CaO 

MgO 

K 2 O 

Na20 

NH2 



Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 


Base removed (as percent¬ 
age of sample). 

0.29 

0.14 

0.017 

1.33 

0.37 

0.16 

0.04 

0.12 

Sharkey- 

Total base present (as per¬ 
centage of sample). 
Proportion of base re¬ 
moved (as percentage of 
, total base present). 

22.52 

8.12 

.035 1 

1.36 

2.52 

1.89 

.21 


1.29 

1.72 

48.571 

97.79 

14.68 

8.47 

• 19.05 



Base removed (as percent¬ 
age of sample). 

.20 

.03 

.002 

.16 

.06 

.06 

.01 

.18 

Norfolk.. 

Total base present (as per- 
' eentege of sample). 

33.51 

n.24 

.006 

.30 

.44 

.49 

.25 



Proportion of base re¬ 
moved (as percentage of 
, total base present). 

.60 

.27 

40.000 

53.33 

11.36 

12,24 

4.00 



«Most of the ammonia present was adsorbed by the colloid in the course of its separation from the soil. 


It is apparent that the total quantity of bases removable by elec¬ 
trodialysis may vary greatly with different colloids. In the case of 
the Sharkey colloid the sum of the bases removed amounts to 2.47 
per cent of the sample, while in the case of the Norfolk colloid the 
yield of bases is only 0.69 per cent, or less than one-third as much. 

The percentage of each base present which is removed varies less 
widely for the two colloids than the total quantity removed. With 
the possible exception of potash, the proportion of base removed to 
quantity pra^nt is greater in the case of the Sharkey colloid than 
in the case of the Norfolk. This is true even for iron and aluminum, 
although iNqrfolk contains considerably more of these bases. In 
general, howefw, thej^oportion of calcium, magnesium, or manganese 
removed by elsctrodiwsis is not very different for the two colloids, 
considering the widw^ different quantities of these constituents in 
the two 

While the groportioih of each base removed is not exactly the 
same for thd i^tVO^ colloids, it i$ evident that the various bases, are 

degrees of removability., 'I'he propmfiEpn 
4i^d, the l>soportioh ■ of rfuna^. iron 


characterizes 
of the 


T.,- ^ 
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removable is still less. These differences in the comparative remov¬ 
ability of the bases probably hold for the colloids of most humid soils, 
since the Sharkey and Norfolk colloids are representative of widely 
different groups. Colloids from alkali or salt soils, may, however, 
show a greater proportion of the sodjum replaceable. 


MATERIAL REMOVED BY ELECTRODIALYSIS COMPARED WITH 
THAT REMOVED BY BASE EXCHANGE 


It is quite apparent from the work of other investigators on base 
exchange that various salt solutions extract a fairly definite quantity 
of bases from the colloidal soil material. A comparison of the bases 
removed by electrodialysis with those removed by methods in use 
on base exchange was desirable, since both procedures yield a fairly 
definite quantity of bases. 

As the reagents most commonly used at the present time for deter¬ 
mining the exchangeable bases in soils are normal NH 4 CI and 0.05 
normal HCl, the exchangeable bases in the Sharkey and Norfolk 
colloid were determined by these solutions, following the standard 
procedure described on page 554. The colloidal materials used were 
portions of the lots that were prepared for the work on electrodialysis. 

Table 5 shows the quantities of bases and acids removed from the 
two colloids by the NH 4 CI and HCl solutions compared with the 
quantities removed by electrodialysis. The quantities are expressed 
as percentages of the weight of oven-dried colloid. 

Table 5. —Bases and acids extracted from colloidal soil materials by base exchange 
reagents and by electrodialysis 


Kind pf 
colloid 

Treatment of 
colloid 

Si02 

Fe203 

AlaOa 

MnO 

CaO 

MgO 

K 2 O 

Na20 

P 2 O 5 

SOs 


fExtractionnvith 

Per ct. 
None. 

P&rct. 

Trace. 

Per ct. 
Trace. 

Perct. 

0.016 

Per ct. 
1.33 

Per ct. 
0,36 

1 Per ct. 
0.13 

Perct. 

0.03 

1 Per a. 
Trace. 

Perct. 

(a) 

Sharkey- 

N/1 NHiCL 
Extraction with 

0.14 

0.35 

1 0.80 

.019 

1.39 

.41 

.14 

.03 

0.06 

0.04 

N/20 HCl. 
Electrodialysis. 

.05 

.14 

.29 

.017 

1.33 i 

.87 

.16 

.04 

,04 

.04 


Extraction with 

None. 

Trace. 

Trace. 

.002 

. 15 

.04 

.07 

.02 

Trace. 

(") 

Norfolk-, 

N /1 NH 4 CI. 

• Extraction with i 

0.09 

0.05 

0.62 

.002 

.16 

*03 

.08 i 

.01 

0.01 

0.04 

■i 1 

N/20 HCl. 
.Electrodialysis.,.-- 

.02 

.03 

*20 

.002 

.16 

.05 

.06 

.01 

.01 

.04 


* Not determined. 


It is apparent that base exchange methods and electrodialysis 
remove' approximately the same quantities of constituents from the 
soil colloids. The agreement between the methods is very close, 
except in the case of alumina, iron, and silica. The greater quan¬ 
tities of these constituents removed by HCl and by electrodialysis 
than by NH4CI is probably conditioned by the Ph of the solution in 
contact with the colloid. The Ph of the tot4 NH,C1 extract of the 
Sharkey coUoid was 6.2 and that of the NorfoBk 6 . 1 ; the Pa of the 
eleotrodialyzed colloids was about 5.0; while the Ph ef the final 
HCl extract tnay be assumed to be the same that of the N /20 HCl 
solution, about 1.5. Doubtless the ^totoent would have 

removed some AJ and Pe feom tihe N< 3 ^oft; colloid in its natural 
' The Norfolk coHoid is haWai% eW; but in isolating 
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this colloid from the soil a small amount of ammonia was i^sed to 
promote dispersion and this was apparently sufficient to render the 
colloid nearly neutral. 

In view of the practical identity of the material removed by the 
different procedures, the conclusions regarding the material removed 
by electrodialysis also apply to the rpateriai removed by base ex¬ 
change. Briefly, the total quantity of bases removed by base ex¬ 
change from the two (‘.olloids varies widely; the part of each base 
removed is not the same for the two colloids,'but it is sufficiently 
similar to justify the conclusion that in most colloids lime and man¬ 
ganese are removed to a greater extent than magnesia, potash, or 
soda, and that a still smaller part of the alumina and iron are re¬ 
movable. 

The proportion of one base to another in the materials extracted 
by electrodialysis and by base exchange is also of interest. This is 
shown in Table 6 for the monovalent and divalent bases. Iron and 
aluminum were omitted in this calculation, since such different 
quantities were extracted by the various methods that the inclusion 
of these bases would have obscured the relationship that obtains 
between the other bases. Ammonia was determined only in the 
electrodialysates and is therefore also omitted. 

Table 6 gives the total milliequivalents of Ca, Mg^ K, Na, and 
Mn extracted from 1 gm. of colloid by electrodialysis and by base 
exchange reagents and the proportion of each base in the total. The 
bases exchanged with methylene blue, which are included in this 
table, were determined in connection with another investigation and 
do not represent the maximum quantity that can be displaced by 
this reagent, since only a small quantity of the dye was used. 


Table 6. —Proportions between the bases in material removed from the colloids by 
electrodialysis and by base exchange 




Mn, Ca, 

and Na 
extracted 
per gm. 
colloid 

In 100 milliequivalents were found— 

Kind of 
colloid 

Treatment 

Mn 

Ca 

Mg 


1 Na 


f Electrodialysis..... — 

M. m- 
0.712 

M.eg. 

0.67 

M.eq. 

66.7 

M.&l. 

26.0 

M. eq, 
4.S 

r«ij 

Sharkey.. 

1 Displaced by N/l NmCl. 

.698 

,66 

68.1 

25.8 

4.1 


1 Displaced by n. 0.06 HOI. 

.746 

.72 

66.5 

27,2 

4.2 

'1 1.3 


1 Displaced by methylene blue. 

».486 

fcN. D. 

66.5 

27.6 

4.9 

2.0 


f Electrodialysis. 

.090 

0.61 

57.6 

26.’2 

13.1 

3.3 


1 Displaced by N/l NH 4 CI. 

,096 

.62 

56.3 

20.9 

15.6 

6.3 


] IMsplaced by n. 0.06 HCl. 

.093 

.66 

61.2 

16.1 

ia3 

3.3 


(Displaced by methylene blue. 

».061 

tN. D. 

68-3 

20.5 

16,4 

4.9 


« Mn not included. Not determined. 


It is evident that the proportions between the various monovalent 
and divalent bases are practically identical in the material removed 
by the four different methods^ of extraction within the limits of ex¬ 
perimental error. 

The proportions between the bases in the Sharkey extract are 
somewhat different from the proportions in the Norfolk ptract. 
It will he noted, however, that the two colloids less widely in 
the proportions between the bases extracted than in the totrf qi^antity 
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removed or than in the proportions between removable and non- 
removaljle bases shown in Table 4. 

The proportions between the exchangeable bases in the two col¬ 
loids are about the same as those reported by other investigators. 
Apparently these proportions hold approxmiately for such soils. 
This is perhaps not surprising, since the river waters of humid regions, 
such as the Atlantic slopes of North America and western and central 
Europe, contain about the same equivalent proportions of the 
monovalent and divalent cations (5, p. 75, 97). 

DISPLACEMENT OP HYDKOGEN FROM ELECTRODIALYZED 

COLLOIDS 

It has repeatedly been shown that when the exchangeable bases in 
a soil are displaced by the cations of a salt, an equivalent quantity of 
the displacing ions are retained by the soil. Since the material 
removed by electrodialysis was identical with that removed by the 
neutral salt, except for iron and aluminum, it seemed possible that 
in electrodialysis there might also be an exchange of cations. Further¬ 
more, the fact that in cataphoresis determinations the electrodialyzed 
colloid behaved in a manner similar to that of the original colloid, 
showed that it must contain some adsorbed cations. The only 
cations available to take the place of the cations removed by electro¬ 
dialysis would be the hydrogen ions of the water. 

If hydrogen were adsorbed by the colloid on electrodiaJysis, it 
should appear as acid when the material is treated with a neutral 
salt solution. The Sharkey colloid was therefore leached with 2 
liters of a hot four normal KCl solution and the filtrate titrated 
with tenth normal NaOH, brom thymol blue being used as an indicator. 
Five §rams of the colloid yielded 3.28 milliequivalents of acid to the 
first liter and only 0.03 milliequivalent to each of the third and 
fourth half liters. A normal CaCU solution gave almost identical 
results. It is thus evident that neutral salts displace a fairly definite 
quantity of acidity from the electrodialyzed colloid. The quantities 
of acid displaced from the Sharkey and Norfolk colloids by 1 liter 
of normal CaCla are given in Table 7, calculated as milliequivalent 
of hydrogen ion per gram of colloid. 

After treatment with the CaCl 2 solution, the two colloids were 
washed free from chlorides and again electrodialyzed to determine 
how much Ca had been adsorbed in displacing the hydrogen from the 
electrodialyzed material. The quantities of Ca removed by the 
second electrodialysis are also given in Table 7. 

- It will be seen that in the case of the Sharkey colloid the Ca removed 
by the second electrodialysis was almost exactly equivalent to the 
acidity produced by the CaClj treatment, while in the case of the 
Norfolk colloid, the Ca removed was slightly greater than the acidity. 
Evidently the electrodialyzed colloid gives the same type of exchange 
reaction with neutral salts as the untreated soil or colloid, the only 
difference being that the electrodialyzed material exchanges hydrogen 
for the cation of the salt instead of a mixture of monovalent and 
divalent bases or a noixture of these bases and hydrogen. In the 
ease of the electrodialyzed Sharkey colloid, the exchange capacity 
fs shown "by either the acidity liberated or by the Ca adsorbed; but 
of the Norfolk colloid the Ca adsorbed is probably a more 
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accurate measure of the exchange capacity than the, acidity developed. 
Work in progress indicates tliat the discrepancy of 0.036*milliequiva- 
lent between acidity developed by CaClj treatment and Ca adsorbed 
is probably due to an adsorption of Cl ions by the electrodialyzed 
Norfolk colloid. “■ 

In Table 7 the exchange capacity of the electrodialyzed colloids 
is compared with that of tho_ untreated colloid as measured by the 
monovalent and divalent cations removed in electrodialysis and as 
determined by the Ca adsorbed from neutral CaCl 2 .'' 

Table 7. —Exchange capaciHes of the Sharkey and Norfolk soil colloids before and 

after electrodialysis 


Petenriination 

Milliequivalent per 
gram of colloid 

Sharkey 

Norfolk 

Ca adsorbed from neutral OaOla by the original colloids-...-. 

0.796 

.785 

.640 

.647 

0.207 

.208 

.164 

1 .201 

Total monovalent and (iivalent cations removed by electrodialysis. 

Hydrogen displaced from electrodialyzed colloids hy CaOla solution. 

Ca adsorbed by electrodialyzed colloids from the CaCla solution, determined by a 
second electrodialysis-......... 



It will be seen that the exchange capacities of both colloids are 
almost the same when measured by Ca adsorbed as when measured 
by monovalent and divalent bases removed by electrodialysis. The 
exchange capacity of the electrodialyzed Norfolk colloid is almost 
identical with that of the untreated material. The exchange capacity 
of the electrodialyzed Sharkey, however, is about 20 per cent less 
than that of the original colloid. The results on the whole tend to 
substantiate the idea that in the process of electrodialysis there is an 
exchange of hydrogen for all, or most, of the bases removed and the 
adsorbed hydrogen can in turn be replaced by other cations. 

In the preceding considerations of the exchange capacity of the 
electrodialyzed colloids, the Fe and A1 were not regarded as con¬ 
stituting part of the exchangeable cations, although the CaCh treatr 
ment yielded quantities of the trivalent cations in addition to those 
already removed by electrodialysis. The electrodialyzed Sharkey 
yielded 0.458 milliequivalent of combined A1 and Fe, 0.353 milli- 
equivalent of which was Al, and the Norfolk colloid gave 0.353 milli¬ 
equivalent of the trivalent cations, 0.124 milliequivalent being Al. If 
Fe and Al did exchange with the Ca of the CaCl 2 solution, they would 
of course be hydrolyzed and produce acidity; so both acid and 
trivalent bases should not be included in calculating the exchange 
capacity. Inasmuch as the combined Fe and Al in the CaCl 2 filtrate 
was sufficient to account for only approximately two-thirds of the 
acidity, the acid was apparently the fairer measure of the exchange 
capacity, even if part (or all of it) resulted from exchanged Fe and Al. 

On the whole, it appears as though electrodialysis may be looked 
upon as a form of base exchange, in which hydrogen ions are sub¬ 
stituted for monovalent and divalent bases. While by the usual 
methods of base exchange in the soil we continually introduce a high 


® The Ca adsorbed after prolonged leaching of the colloid with neutral CaCh solution was determined 
by subsequent displacement with NHiCl, 
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ration of the (iisplaeing eaticm and continually withdraw the 
di^placeci ions, we arrive in elk'trodialysis at the same result by the 
mere withdrawal of the cations, in which case the displacing ion must 
be the ever-present hTdr<»gen ion of the water. Both methods are 
in principle the same: A displacement or equilibria either by increas¬ 
ing one factor or by decreasing the other; in one ease we apply a 
ptish, in the other a pull. 

CONDITION OF THE BASES REMOVED BY ELECTRODIALYSIS 
OR BASE EXCHANGE 

It was show*n (Table 4i that eleetrodialysis removed about half the 
manganese present in the two colloids, most of the calcium, and only 
a small part of the magnesium, potassium, and sodium. A neutral 
salt removed almost identical proportions of these bases (Table 5). 
It is thus apparent that part of each of the monovalent and divalent 
bases is more reactive than the remainder. This would indicate that 
each of the monovalent and divalent bases in the colloid is present in 
two conditions. The condition of the nonreactive part of the bases 
might be deiscribed simply by the facts as nonexchangeable, in the 
absence of definite information regarding the ultimate chemical 
constitution of the insoluble part of the soil colloid particle. 

The exchangeable bases are usually regarded as being present in the 
adsorbed condition. From the rapidity of base exchange reaction, 
Hissink ilS) concludes that the exchangeable bases are situated on 
the surface of the soil particles in the adsorbed condition and ascribes 
the chaise of the particles to a partial dissociation resulting in a 
He^holtz double layer. Wiegner (ff) identifies the exchangeable 
cations with the cations of the outer Helmholtz layer. In fact he 
calculates what size the primary particles in a clay having an exchange 
capacity of 3.5 milliequivalents per gram would have to be in order to 
accommodate all the exchangeable cations in the outer layer. 

Wiegner arrives at a value of 7.29 mi for the diameter of the 
primary particles which would aflFord the required surface. However, 
an error occurs in his calculations in that he assumes the surface per 
gram of clay varies inversely as the square of the radius instead of 
inversely as the radius.® If this error is corrected, the diameter of 
the hypothetical prima^ particles becomes 0.106 or about that 
of a hydit^n ion. This is obviously al^urd. 

In a previous publication it was shown that there is an intimate 
relation between the exchangeable bases and the electrokinetic 
p^ntial of soil colloids {18), .^though the exchangeable cations 
innuenced the charge of the particles, it appeared quite improbable 
^at all exchangeable cations were present in the outer Helmholtz 
layer. The fact that on neutralizing the charge of the particles with 
methylme Miie the eataphorelic movement was not markedly reduced 
of the exchangeable cations had be^ replaced indicated 
only a of the calimis were dissocialed. 

^ fonnuk tiie eliAige m » wtick with the 

^ JBeresy (IS), Freandlich 
(o, p. SSo), utd ofuers to owoidid pwrtieleB in ^aersl and by Winner 

4,t., araJtipKed by the 

i"i SSllUSSbtilr . ' ■' * 
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to clay particles, the number of electronic charges on a particle of the 
Sharkey colloid has been calculated, using the values for the electro- 
kinetic potential and the radius of the particles reported in previous 
publications {2) and assuming a thickness of the double layer of 
5 The number of charges in terms of univalent ions or electrons 
on a particle of the Sharkey colloid was thus found to be 857 ions. 

The exchange capacity of the Sharkey colloid at the point of neu¬ 
trality is about 0.8 of a milliequivalent. This is equal to 4.8 X 
ions. Since 1 gm. of the colloid would contain 9.6X10^^^ parti¬ 
cles with a radius of 45.5 ju/x, the number of exchangeable cations 
per particle is 505,208, or about 590 times the number of cations that 
should, according to the above calculation, be present in the outer, 
electropositive layer surrounding- the particle. If, therefore, the 
assumed thickness of the double layer and the size of the particle 
determined by ultramicroscopic count represent the true values, it is 
evident that only a very small fraction of the exchangeable bases 
exist in the dissociated condition, 

A thickness of the double layer of 5 ja/x is probably too low rather 
than too high, since the cataphoretic movement was measured in 
distilled water, under which conditions Gouy {11) assumes a much 
greater thickness. But even if a thickness of the double layer of 
molecular dimensions were assumed, the charge on the particles 
would not nearly account for all the exchangeame bases. 

It is of course probable that the ultramicroscopic particles of the 
colloid consist of aggregates of smaller, so-called primary particles. 
However, the primary particles would have to be 0.077 /x/z in radius 
to afford sufficient surface for 0.8 milliequivalent of ions, if the num¬ 
ber of ions per unit surface is assumed to be the same as was cal¬ 
culated for the particle with 45 /ijtx radius. This value is absurd. 
Hence, if the theoretical deductions involved in the formulas con¬ 
necting electrical migration with electrokinetic potential and charge 
of the particles are correct, it would appear that only a part of the 
exchangeable bases are present in the dissociated condition. 

SUMMARY 

Two soil colloids, which are representative of widely different 

f roups of colloidal soil materials, were electrodialyzed in order to 
etermine what part of the bases can be removed by this process. 
The quantities of bases removed by electrodialysis were compared 
with the quantities removed by methods commonly used for deter¬ 
mining the exchangeable bases in soils. 

Preliminary work showed that the quantity of bases that can be 
removed by electrodialysis is fairly definite and lhat the order in 
which the different bases appear in the cathode Aamber is about as 
follows; Ca, K, and Na; Mg; Al, Mn, and Fe. It k pointed out, 
however, that this may not represent the order in which the cations 

’’ The disrge, e, on a eoUoadal particle «= - P J- fe tiie eleeferokinetic poteatial, D tise 

dMectric eoastaat of tfee dispersion modiom, r the radios of the partieie end S the thickness of deretlile 

QttO 

Jayw. In the ^se the Sharkey eoBoid,, T = 33 millivolts or electrostatic tad 

r =« 4,65 X 1(H fidSEm 83 St hr wafcar and 5 fe assumed to be 5 or 5 X liH im;, the vate . 

ganera^i^ the Sh^key particle beectnes eleesfcrostaiic tmtt. \'; 

one im Im the m t ^ Stekey woiidd i?e ths^ ©f 857 ions. 
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ur^:* released from tlie colloid panicles, since the appearance of the 
bases in the cathode chamber is largely affected by the hydrogen-ion 
concentration in the compartment containing the colloid. 

The total quantity of bases that electrodialysis removed from one 
colloid was about five times that removed from the other. While 
the percentages of the Ca or Xa in the colloid that are removable 
do not agree closely in the ease of the two colloids, it is evident that 
the various bases are characterized by different degrees of remova- 
bilitv. The proportion of the total lime or manganese removable 
by eleetrodialysis is much greater than the proportion of magnesium, 
potassium, or sodium, and the proportion of the total aluminum or 
iron removable is still less. 

N 

Extraction of the two colloids with normal NH4CI or ^^HCl yields 

quantities of the monovalent and divalent bases that are almost 
identical with those obtained by eleetrodialysis. 

Treatment of the electrodialyzed colloids with a CaCL solution 
develops quantities of acidity that approximate the base exchange 
capacities of the untreated colloids. It appears that in the process of 
eleetrodialysis there is a substitution of hydrogen ions from the 
water for most of the monovalent and divalent cations removed by 
the electric current. 

It is evident that each of the monovalent and divalent bases in the 
colloid is present in two conditions w^hich might be defined simply as 
exchangeable and nonexchangeable. 

The quantity of the exchangeable bases that can exist as cations in 
an outer Helmholtz layer surrounding the particle is considered. It 
is pointed out that if the deductions involved in formulas connecting 
electrical migration with electrokinetic potential and charge of the 
particles are correct, only a part of the exchangeable bases in the 
colloid are present in the dissociated condition. 
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A CHEMICAL AND PHYSIOLOGICAL STUDY OF MATURITY 

IN POTATOES' 


By C. O. Appleman, Plant Physiologist^ and E. V. Millek, former' Assistant 
Plant Physiologist, Maryland Agricultural Experiment Station ^ 

INTRODUCTION 

The problem of maturity in potatoes assumes considerable practical 
importance in connection with several claims for the superiority of 
immature potatoes for seed. The term “immature seed^^ expresses 
a rather vague idea on account of our lack of a definite and scientific 
conception of what constitutes maturity in potatoes. 

One object of the experiments reported in this paper was 
to determine the character of the chemical changes in potatoes 
while they are ripening and maturing on the vines and to correlate, 
if possible, the different stages of maturity with certain characters 
of the vines. The chief information sought was the extent to which 
the chief maturing processes in the tubers may continue in storage. 
Will potatoes apparently immature but large enough for seed attain 
during storage the percentage composition of solids and the physio¬ 
logical condition characteristic of tubers allowed to fully mature 
on the vine? The nitrogenous constituents are specially emphasized 
in this paper. 

EXPERIMENTAL PROCEDURE 

The seed used for the experimental crop was Irish Cobbler grown 
in Garrett County, Md. At intervals, beginning when the vines 
were in bloom, four to six typical hills were dug and the tubers 
divided into two lots matched for size and number of tubers. One 
lot was sampled immediately for analysis and the other was placed 
in cellar storage at a fairly constant temperature of 68® F. The 
storage lots were all sampled for analysis at the same time; that is, 
at the end of the mst period on October 26. 

The dates on which the tubers were dug and the condition of the 
plants on each of these dates were as follows: 

June 17, plants in full blossom. 

June 24, blossoms gone, but leaves ^een. 

July 8, tips of leaves beginning to die; vines prone. 

July 15, about 80 per cent of the leaves dead. 

July 22, leaves all dead; vines partly dead. 

August 27, vines brown and dry. 

The average number and weight of the tubers per hill and the 
percentage of loss in weight of the different lots during the storage 
period are given in Table 1. 


i Received for publication Mar. 24,1926; issued September, 1926. 

3 The writers acknowledge the able assistance of C. M. Conrad, of this station, who verified some o! the 
analytical methods and oomideted some of tbe later analyses. 
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T^fU.f 1 ,—fnid (\f tiih^irs per hill on the different digging 

and in might of the difftrent lots during the storage period 


iHh f.f'liirging 

.\vtr;'igc 

Pea 

numU-r nf 

Marble 

'litlcrriit sized tubers per hill 

W'alnut Egg Larger 

Total 

number 

Total 
weight 
per hill 
in ounces 

Percent¬ 
age loss 
in weight 
on Oet, 

26 

IT . - 

3 

2.3 

4.2 

1.9 

0 

' 17.6 

5.5 

16.45 

Jnn^* 24. .. 

10. 2 

3.0 ' 

2.6 

3.0 

0 

18.8 

; 7.3 

12.38 

Julv H...... 

.■s. f> 

4.3 

2.0 

3.3 

2.6 

! 21.0 

' 20.6 

8.67 

,TuiV 1’ , ... 

b., 0 

1..5 

3. .5 , 

1.5 

8.0 

22.5 

26.1 

6.70 

Julv 22 .,.. 

2.5 

1.6 

3.0; 

3.0 

5.6 

15.6 

28.0 

6.10 

27. 

2.0 

1.6 

4.6 , 
i 

3.3 , 

4.3 

16.0 

1 

1 26.8 

4.62 


ANALYTICAL METHODS 

SAMPLING AND DETERMINATION OF MOISTURE 

The tubers were ground to a pulp in a meat grinder, and after 
thorough mixing samples of the fresh pulp were w^eighed out for 
moisture, sugars, and nitrogenous constituents. 

To determine the moisture, about 5 gm. of pulp were dried to 
constant weight at 70® C. in a Tacuum of 30 inches of mercury. 

SUGARS 

For the determination of sugars a sample of 50 gm. was weighed 
into a counter-poised Kohlrausch sugar flask into which had been 
placed 0.25 gm. of CaCU. ^ The pulp w^as covered immediately with 
75 c. c, of 95 per cent boiling alcohol and the mixture brought to 
boiling on the steam bath, after which sufficient hot water was 
added to bring the extraction medium to 50 per cent alcohol by 
volume. After boiling five minutes the samples w^ere allowed to 
stand overnight in the 50 per cent alcohol and the volume then com¬ 
pleted to the mark with 95 per cent alcohol and stored. After the 
alcohol had been removed the sugars were determined in the aqueous 
solution aeording to the Munson and Walker method. 

ASH. STARCH, AND CRUDE FIBER, TOTAL NITROGEN 

The was determined by igniting the residues from the moisture 
determinations. The percentage of ash in the original moist sample 
W’as calculated by indirect proportion. 

The starch and crude fiber were determined by the official methods 
of the Association of Agricultural Chemists, using oven-dried material. 
The diastase method with subsequent acid hydrolysis was employed 
for starch. 

From 8 to 9 gm. of fresh pulp were weighed from a weighing bottle 
with ^X)imd-in glass stopper and the total nitrogen determined by the 
official Gunning method. 

nmTEIBUTIOH OF HQNPRQT ETN NITROGEN 

The possibility of aulolytic changes is always present during 
aqneom OTiracliom of the soluble nonprotein nitrogenous con- 
s^tuents in fresh plant iTOues, This obieetion could be eliminated 
m aloohol of strength to prevent autolytic changes 

if wmplolo of these eonslifcuenls is possible in such a 

and filtering difficultly would also be 

IlMr ifctOided. 

'' It’. 
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Jodidi ^ extracted the amino acids of rye flour directly with boiling 
92 per cent alcohol. He found an average of 20.43 per cent mono- 
amino nitrogen in one variety and 35.07 per cent in another variety 
when calculated on the basis of alcohol-soluble nitrogen. These 
percentages were higher than those found in the aqueous extracts 
of the same varieties, based upon water-soluble nitrogen. However, 
he does not state the relative amounts of either total soluble nitrogen 
or total nonprotein nitrogen obtained by the water and alcohol 
extractions in this experiment. In a previous experiment he found 
that water extracted about three times as much nitrogen as did the 
alcohol. He states that this is perhaps due to the greater proportion 
of protein matter taken up by the water. The weight of the sample 
used for the alcohol extraction was four times that for the water 
extraction. Then, too, all of the nonprotein nitrogen may not be 
soluble in the strong 92 per cent alcohol used for the extractions. 

Osborne, Wakeman, and Leavenworth ^ precipitated the protein 
of alfalfa juice with alcohol of 53 per cent by weight. They assume 
that the nonprotein nitrogen is soluble in this percentage of alcohol, 
although they state that their evidence is not entirely convincing to 
show that a small part of the precipitate may not belong to non¬ 
protein substances insoluble in 53 per cent alcohol. In later work 
by Vickery ^ the nonprotein nitrogenous constituents of the juice of 
the alfalfa plant were determined in the filtrate from a 53 per cent 
alcoholic solution. 

Preliminary experiments were conducted to test the effectiveness 
of alcoholic extractions as compared with aqueous extractions of the 
soluble nonprotein nitrogenous constitutents in potatoes. The 
results in Table 2 are based upon the following detailed procedures for 
both types of extractions: 

Table 2.— Percentages of nonprotein nitrogen in potatoes obtained by water and 

alcoholic extractions 


Sample 

Water 

Alcoholic 

No. 

extract 

■ extract 

1 

a226 

0.217 

1 2 

.227 

.218 


The tubers were cooled and then grated on a nutmeg grater in a 
mortar surrounded by cracked ice. By this means the pulp was 
maintained at a temperature of 4° C. during sampling. 

For the water extractions, samples of pulp of 100 gm. each were 
stirred with 100 c. c. of water and strained through a small coffee 
strainer. By gently pressing the pulp with a spatula, most of the 
starch and cell colloids, which make filtering of the pulp difficult, were 
removed. The pulp was transferred with 200 c. c. of water to a 
smooth filter in a Buchner funnel. Suction was applied after the 
addition of each portion of water. The filtrate and strained juice 


3 Jodidi, S. L., and Wangles. J. G, physiological and biochemical studies on ceeeals. iv. on 

THE PRESENCE OF AMINO ACIDS AND POLYPEPTIDES IN THE UNGERMINATED RYE KERNEL. JOUT. AgP. Re¬ 
search 30; 989-094. 1925. 

* * Osborne, T. B., Wakeman, A. J., and Leavenworth, C. S. the water-soluble coNsriTuiliTB 
op the alfalfa plant. Jour. Biol. Chem. 53: 411-429. 1922. 

® Vickery, H. B. some nitrogenous constituents of the juice of the alfalfa plant, l thr 
amide and amino acid nitrogen. Jour. Biol. Chem. 60: 647-655. 1924. 
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wvre er^iTihined and sufficient 95 per cent alcohol added to make 53 
per rent by weight. The pulp was dried at 70^ C. and ground to pass 
a 40-mesh sieve. The material which w'eighed about 20 gm. was 
extracted with 300 e. c. of ammonia-free water by agitating on a 
mechanical shaker for two hours. Toluol was used as an antiseptic. 
The material %vas filtered in a Buchner funnel and thoroughly washed. 
Alcohol was then added to the filtrate to make 53 per cent by weight. 
This was combined with the first alcoholic solution. A flocculent 
precipitate which appeared upon the addition of alcohol was filtered 
off through paper pulp in a Btiehner filter. The alcohol was added 
to preserve the extracts and also to test the completeness with which 
this percentage of alcohol would precipitate the soluble protein in a 
potato extract. Osborne ® claims that this percentage of alcohol 
will effect complete precipitation of the soluble protein from an 
aqueous extract of alfalfa. In these potato extracts the precipitation 
was far from complete, as showm by the heavy precipitate obtained 
later by lead acetate. 

Similar samples of pulp of 100 gm. each w^ere used for the alcohol 
extractions. The samples were covered immediately with 400 c. c. 
of bculing 95 per cent alcohol and stored for one week. The final 
concentration of the storage alcohol w^as approximately 75 per cent. 
The flasks were shaken occasionally during the storage period. 

The storage alcohol w’as filtered through a smooth filter paper in a 
Buchner funnel and the pulp transferred to the funnel, 50 c. c. of 50 
per cent alcohol being used to w^ash out the flask. After as much of 
the alcohol was removed as was possible by suction, the pulp was dried 
in the funnel at 70° C- and ground to pass a 40-mesh sieve. It was 
then transferred to the original flask and covered with 200 c. c. of 
hot 50 per cent alcohol by volume. The flask was shaken several 
times during a period of 24 hours, after which the alcohol was de¬ 
canted on the same filter and another 200 c. c. of hot alcohol of the 
same strength added to the flask. After the flask had been shaken 
frequently for a period of two hours the e«lire contents were trans- 
fenW to the filter, and ITO c. c. of 50 per cent alcohol was used to 
wash out the flask. Suction w^as applied after the addition of each 
portion of alcohol. A third extraction with 50 per cent alcohol did 
not remove any additional nitrogen. 

Both the alcoholic and aqueous extracts were concentrated on the 
steam bath and the soluble protein precipitated with basic lead 
acetate. The excess of lead was removed by hydrogen sulphide and 
the final filtrates were made up to 500 c. c. The total nitrogen w^as 
determined in ICM) c. c. aliquots. 

Since the final procedure for alcoholic extraction yielded practically 
the same amount of nonprotein nitrogen as the aqueous extractions, 
it was adopted for the analyses of the research material. The only 
deviation from this piocedure was the pericKi of storage in the 75 
per cent alcohol. This period was much longer than that of the 
piirfiinmaiy experiments. The total amount of nonprotein nitrogen 
lound in t« pi^limiBaiy experiments was larger than the maximum 
found in tfc# mntorial under inT^t%ati<m, but the matmal was not 
compaimWe ainee mimh older potatoes M a dfiffermt .crop were used 
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in the preliminary experiments. The following graphic scheme will 
serve to indicate the nitrogen fractions determined in the protein-free 
solutions. 


250 c. c. protein-free solution containing the soluble nitrogen extracted from 100 gm. of potatoes 


50 c. c. 

Total soluble nonprotein N 


I 

Filtrate (concentrated to 
! 100 c. c.) 


200 c. e. 

I 

Amide N 

! _ 


Residue 
(humin N) 


Phosphotungstie acid ppt Filtrate 

(basic N) (amino N by Van Slyke method) 


The 200 c, c. aliquot of the protein-free solution was acidified with 
20 c. c. of concentrated HCl and boiled under a reflux condenser for 
two hours. The acid was removed by evaporating the solution 
almost to dryness on a water bath. Calcium hydroxide was used for 
the distillation of the ammonia from the hydrolyzed acid amides. 
The clear supernatant liquid above a 10 per cent suspension of cal¬ 
cium hydroxide furnished sufficient alkali without diluting^ the solu¬ 
tion to too great a volume. An excess of calcium hydroxide interfered 
with subsequent digestions. Duplicate determinations w^ere made in 
which reduced pressure was used for both the removal of the HCl 
and the distillation of the ammonia, but this precaution was found to 
be unnecessary with these solutions. 

The basic nitrogenous constituents in the filtrate from the humin 
nitrogen residue were removed according to the usual procedure 
with phosphotungstie acid. This reagent also precipitates any pro¬ 
teoses or peptone that may be present. 

The phosphotungstie acid precipitate was washed with a solution 
containing 2.5 per cent phosphotungstie acid and 3.5 per cent HCl 
and cooled to 0° C. in order to avoid as far as possible the danger of 
dissolving any of the phosphotungstates of the hexone bases. The 
phosphotungstie acid precipitate was oxidized by the Kjeldahl 
method without removing the phosphotungstie acid, as it was found 
that this did not interfere if the digestion was continued for three 
hours after the solution is clear. 

The combined filtrate and washings from the phosphotun^tic 
precipitate was just neutralized with NaOH, cleared with a little 
acetic acid and concentrated to 100 c. c. Aliquots of 10 c. c. were used 
to determine amino nitrogen by the Van Slyke micromethod. 

9154—26-6 
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ANALYTICAL RESULTS 

The data obtained from all of the analytical work are tabulated 
in Tables 3 to 9. The distribution of nitrogen is also shovm. graph- 
ieallv in Figure 1. 


Table 3. — Percmlagc composUion of potatoes dug at different stages of development 
and analyzed immediately 



Date of digging 

, Moisture 

Ash 

I 

Crude i Proteins 
fiber j(Nx6.25) 

i 

Total 

sugars 

Starch 

June 17 


_ 83.66 

0.91 

0.34 ! 

1.77 

1.03 

10.57 

Junt' *4 _ 


82.72 

.91 

.30 ' 

1.85 

1.03 

’ 11.47 

Juiv ^ 


. so. 80 

.91 

.32 i 

1.82 

.68 

13.80 

.hilv ],■ 


. 79.35 

1.00 

.31 ! 

2.23 

.30 

1 14.98 

JuIv 22 ... 


. 8a20 

1.02 

.31 1 

2.24 

.19 

14.25 

Aug. 27-.. 


. 1 81.02 

1.03 

.32 

i 

2.17 

! 

.26 

1 13.60 


Table Percentage composition of potatoes dug at different stages of development 
and analyzed at the end of the rest period^ October 26 


I>ate of digging 

Moisture 

Ash 

Crude 

fiber 

Proteins : 

Total 

sugars 

Starch 

June 17_*..... 

81.26 ' 

1.20 

0.47 

2,00 i 

0.41 

10.82 

June 24...-.. 

81.78 , 

1,10 
1.05 

; .43 

1.88 : 

.41 

11.68 

July 8,....... 

80.09 

.37 

1.93 ' 

.31 

13.34 

July 15. 

7a 33 

1.05 

.37 : 

2.18 ! 

.24 

14.76 

July 22.. 

79.56 

1.06 

.35 

2.33 ; 

.19 

14.23 

4iif 27 

79.65 

1.11 

.33 

2.28 ; 

.21 

15.05 




Table 5. —Percentage composition of Irish Cobbler potatoes dug at different stages 
of development and analyzed at the end of the rest period 

[Results calculated on basis of moisture content at time of digging] 


1 

Pate Of digging , Ash | 

1 1 

Proteins 

Total 

sugars 

Starch 

June 17.; 1.05 

Jane 24 . 1,05 

July 8. 1.02 

July IS . 1.00 

July 22. 1.03 

Aug. 27. 1.03 

.P 

1.75 

1.79 

1.86 

2.08 

2.26 

2.13 

ase 

.39 

.30 

.23 

.19 

.20 

9.44 
11.08 
12.87 
14.16 
13.78 
14.03 
i 


Table 6» — P^ceniage of st^ars in Irish Cobbler potatoes at different stages of 
dev^pmeni and at the end of the rest period 


Pfswntage of sugars in potatoess— 


i 

1 At time of di^ng 

At end of r^t period 

Bedudiig' 


RMIO ' 

Eedueiug 

si;^ars 

l^Ksroee 

Ratio 

Mmm't? .. ^ 

. i 

INiy S,..... : 

a.m 
.iii I 
.113 
.m 
.m 

.lii . 

,m 

,m 

,m 

.i«g 

.i»i 

%m'' 

ait 

AM 

l.tt 

ASS 

am 

.278 

.m 

.042 

.014 

am 
.122 
.103 
.156 
.141 
. 144 

aso 

.44 
.49 
2.02 
a 35 
2. ^ 

WylS... 

mwm ....... 

.....; 
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Table 7. —Percentage of total and nonprotein nitrogen in oven-dried potato pulp 


Date of digging 1 

1 

Percentage of total 
nitrogen— 1 

Percentage of total 
nonprotein nitro¬ 
gen— 

h At time 

1 of 

digging 

At end i 
! of rest ; 
period 

At time 1 
of i 
digging i 

At end 
of rest 
period 

June 17...... 

1.73 


0.400 

0.459 

June24>»_ __ 

1.72 

1.65 

.307 

.503 

July 8...... 

1.52 

1. 54 

.316 

.494 

July 15..-. 

1.73 

1. 61 

.384 1 

.481 

July 22..........- 

1.81 

1 1.82 

.468 

.651 

Aug. 27__. 

1.83 

1 1.80 

i 

.590 1 

.589 




Table 8. —Distribution of nonprotein nitrogen in potatoes dug at different stages 
of developmeiit and analyzed immediately 


June 17. 
June 24. 
July 8.. 
July 15- 
July 22. 
Aug. 27. 


[Data expressed in percentage of total nitrogen] 


Date of digging 


Total 

nonpro- 

tein 

nitrogen 

1 

1 Nitrogen 1 
of acid 1 
amides 

Nitrogen 
inphos- 
photung- 
stic pre¬ 
cipitate 

! Mono¬ 
amine 
nitrogen 

23.06 

3.73 

3.60 

: 8.94 

17.84 

3.40 

3.09 

7.34 

20.78 

4.07 

3.50 

8.83 

22.20 ! 

4.74 

3.87 

11.36 

27.07 1 

5.54 

4.06 

12.00 

32.18 

6.58 

5.49 i 

15.05 


Table 9. —Distribution of nonprotein nitrogen in potatoes dug at different stages 
of development and analyzed at the end of the rest period 


[Data expressed in percentage of total nitrogen] 


Date of digging 

Total 

nonpro¬ 

tein 

nitrogen 

Nitrogen 
of acid 
amides 

Nitrogen 
in phos- 
photung- 
stic pre¬ 
cipitate 

Mono¬ 

amino 

nitrogen 

June 17. 

27.42 

4.23 I 

2.10 

12.10 

June 24..... 

30.39 

3.73 

2.28 

14.83 

July 8. 

32.08 , 

4.69 , 

2.18 

15.92 

July 15. 

29.82 


2.00 

14.57 

July22... 

35.58 1 

7.24 

2.11 i 

18.07 

Aug. 27_-..... 

31.67 j 

5.89 

2.55 i 

15.64 




Fig. 1. —Distribution of nonprotein in potatoes at different stages of development (solid black bars) and at 
the end of the rest peric^ (hatched columns). The first pair of bars of each set represents total nonprotein 
nitrc^en, the second pair monoamino nitrogen, the third pair amide nitrogen, and the fourth pair basic 
nitn^en. The dates indicate the time of digging 
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RESPIRATION IN MATURE AND IMMATURE POTATOES 


Since respiration is the process which furnishes the energy for 
growth, it seemed of interest in this connection to compare the re¬ 
spiratory rates in mature and immature potatoes. 

Experiment 1: A lot of immature Rural New Yorker potatoes was 
dug October 3. Another lot was allowed to mature in the ground 
and was dug October 30. The respiration rate at 22*^ C. was deter¬ 
mined in both lots immediately after digging. The results are shown 
in Table 10. 


Table 10 .—Respiration of mature and immature Rural New Yorker potatoes 

immediately after digging 


IMgm. of C O 2 per kilo per hour (average for succeeding 24-hour periods) 


Condition 
of potatoes ; 

Second 

Third j Fourth^ Fifth 

Sixth ' 

Eighth 

Ninth 

Tenth 

Elev 

enth 

period 

, period 

period 

period j period period 

period 

period 

period 

Mature.. 20.4 

18.1 j 

20.0 j 19.4 i 13,3 

11.1 ! 10.7 

7.1 i 

6.8 1 

6.3 

7.4 

Immature-- 33.1 j 

i 

23.9 1 

1 20.1 { 15.4: 13.3 

20.6 ! 1S.0 

13.3 

1 ILl j 

i 

9.8 

8.7 


Experiment 2: Samples of the same lots of potatoes used in experi¬ 
ment 1 were stored at 36® F. for four months. Respiration rates in 
the mature and immature potatoes at 22° C. were again compared. 
The results of this experiment are shown in Table 11. 

Table 11 .—Respiration of mature and immature Rural New Yorker potatoes at 

the end of the rest period 


IVIgm. of CO 2 per kilo per hour (average for succeeding 24 hour periods) 


Condition of potatoes 

1 ! 

First ' Second | Third 
period 1 period j period 

Fourth! Fifth : Sixth 
period i period ' period 

Seventh 

period 

Eighth 

period 

Ninth 

period 

Mature. 

i ! 

19.3 I 23- 0 i 22.1 1 

20.7 ! 18.8 I 15.6 

14.1 

13.0 

10,8 

immature.... 

18.6 j 22.9 , 23.0 

) I i 

21.2 i 18.0 : 15.5 

i 

13.3 

11.8 ! 

10.8 



Other experiments similar to the ones here recorded have all 
shown greater respiratory activity in the immature potatoes immedi¬ 
ately after digging. This is probably due to the greater permeability 
of the tender skin to gaseous exchange. The immature potatoes 
were also more subject to skinning and woimding in handling. This 
would also increase respiration. The respiration rates in the imma¬ 
ture and mature potatoes at the end of the rest period are of special 
interest in this connection. The data in Table 11 show the same 
respiratory activity in both lots. The higher resp^feion rates at 
the beginning are due to the fact that the potatoes were transferred 
from the storage temperature to the higher temperature at which 
the respiration determinations were made.' . 

DISCUSSION OF RESULTS 

Reducing sugars and sucrose decreased as starch increased up to 
the time when about 80 per cent of the leaves were dead, but the 
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tubers were still quite immature as judged by the skin. Sucrose 
predominated at all stages of development, but the ratio of sucrose 
to reducing sugars was highest when the tubers were making their 
most rapid growth. The percentage of sucrose in the immature pota¬ 
toes decreased during storage so that by the end of the rest period it 
was practically the same in all lots. The percentages of reducing 
sugars which are all very low show little change during storage when 
calculated to basis of moisture content at time of digging. 

The small percentage of starch in the very immature lot after 
storage is probably due to the high respiration of these tubers imme¬ 
diately after digging. 

When calculated to a dry basis the percentages of ash, crude fiber, 
and total nitrogen remain fairly constant at all stages of develop¬ 
ment. The increase of nonprotein and amino nitrogen in the tubers 
with increasing periods on the vine show that hydrolysis or digestion 
of protein is one of the important ripening or maturing processes. 
These processes in the immature seed continued in storage so that 
by the end of the rest period the percentages in all lots except the 
one containing very immature potatoes, were practically the same 
and equal to those found in the mature tubers immediately after 
digging. 

The higher amounts of nitrogen in the phosphotungstic acid precipi¬ 
tates of the extracts from the tubers at the time of digging may be du^ 
to proteoses and peptones which are hydrolyzed to amino acids during 
storage. The nitrogen of acid amides increases slightly as the tubers 
mature. The humin nitrogen which is formed during the hydrolysis 
of the acid amide nitrogen was practically the same in all lots. Since 
this fraction is not formed in the living tissue and is not significant in 
this connection the data are not recorded. 

The higher respiration in immature potatoes for a period after dig¬ 
ging appears to be due to the fact that the skins are more permeable 
to gases. At the end of the rest period when growth is possible, 
respiration is no greater in the immature than in the mature seed. 

SUMMARY AND CONCLUSIONS 

The ripening and maturing processes in potatoes may continue, 
during storage, so that by the end of the rest period immature pota¬ 
toes large enough for seed have practically the same percentage com¬ 
position and resphatory response as potatoes allowed to mature on 
the vine if both are stored under the same conditions. 

The data in this paper do not reveal any chemical or physiological 
basis for the superiority of immature potatoes for seed. The cases 
reported of immature seed giving better results than mature seed 
may have been due to greater freedom from degeneration diseases in 
the immature seed. 
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THE INFLUENCE OP THE ENVIRONMENTAL TEMPERA¬ 
TURE ON THE HEAT PRODUCTION OF CATTLE ^ 

By E. B. Forbes, Director; Winfred W. Braman, Associate in Animal Nutrition, 

and Max Kriss, Associate in Animal Nutrition, -with the cooperation of J. 

August Fries, Donald C. Cochrane, G. D. Jeffries, R. W. Swift, R. B. 

French, and J. V. Maucher, Jr., Institute of Animal Nutrition, Pennsylvania 

State College 

INTRODUCTION 

The study herein reported was suggested by variations in the heat 
increment per unit of feed, especially as influenced by very low 
planes of nutrition, which were disclosed by a recent review and re¬ 
calculation of the published energy metabolism work of this insti¬ 
tute (4).\ 

A detail of the former experimental procedure of the institute in 
its respiration calorimetric work with steers, which gave especial 
significance to the environmental temperature in relation to the heat 
production of the experimental subject, was the shearing of the steer 
at the beginning and at the end of the season^s program of experi¬ 
mentation to permit of an accounting for the growth of hair. Obvi¬ 
ously this procedure would have the effect of raising the critical tem¬ 
perature—that is, the temperature at which the waste heat of food 
utilization is just sulSBcient to maintain the body temperature without 
increasing the katabolism of body substance. 

Among the published experiments the one which shows most 
clearly the relation of environmental temperature to heat production 
is experiment No. 186, on the available energy of red clover hay. 
The results of this experiment were first published in 1908 (i), and 
have been discussed from time to time in later papers, with recalcula¬ 
tion of the data in the light of progressive improvements of methods 
and understanding { 2 , 4 , 6 ). 

The present paper consists of (1) a brief review of experiment 
No. 186, the revised results of which have not previously been dis¬ 
cussed in detail in relation to critical temperatures, and (2) a report 
of a later experiment, No. 235, conducted in 1924-25. 

EXPERIMENT NO. 186 

Experiment No. 186 was conducted during January, February, 
and March, 1904. The subject was a grade Shorthorn steer, ap¬ 
proximately 5 years old, and the feed was red clover hay. The 
dates included in the experimental periods and the number of days 
in the calorimeter are given below. 


Experimental periods 

Days in calorimeter 

At 19° C. 

At 13.5° C. 

1, Jan 13-22 - - __ 

Jan. 13 and 14... 

Jan. 20 and 21. 

2, Eeb. 10-19 -- - - .-. 

Feb. 10 and 11. 

Feb, 17 and 18. 

3 IVTftr 

Mar. 9 and 10.. 

Mar. 16 and 17, 




1 Received for publication Apr. 22, 1926; issued September, 1926. 

2 Reference is made by number (italic) to “Lit^-ature cited,'* p. 589. 
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A summary exhibit of the results comprises Table 1. 


Table 1.—Experiment 186: Increments of heat production per kilogram of dry 
matter of feed, as affected by environmental temperature 


Period No. 

Temper¬ 
ature of 
chamber 

Dry mat¬ 
ter of 
feed 

Metabo¬ 
lizable 
energy of 
ration 

Heat pro¬ 
duction, 
corrected 
to 12 
boms’ 
standing 

Gain of 
energy by 
animal 

Latent 
heat of 
water 
vapor, per 
cent of 
total « 

Heat increments per kgm. 
of dry matter 

Periods compared 

Calories 


° C. 
19.0 
13.5 
19.0 
13.5 
19.0 
13.5 

Kgm, 

2.933 
2.933 
5.025 
5.025 
4.139 
4.139 

Cal. 
5,922 
5,922 
10,690 
10,690 
8,614 
8,614 

Cal. 
10,597 
11,321 
11,268 
11,113 
10,605 
10,677 

Cal. 

-4,675 

-5,399 

-578 

-423 

-1,991 

-2,063 

21.27 
14.51 

24.34 
17.44 

25.35 
18.85 

la and 2a. 

321 

7 

-99 

-534 

748 

492 

ib 

la and 3a. 

2ft 

lb and 2b. 

2h 

lb and 3b. 

Sp 

2a and 3a. 

.3h 

2b and 3b. 




“ Uncorrected to the standard day. 


In period 1 as the temperature was decreased from 19^^ to 13.5°, 
the quantity of feed remaining the same, the heat production increased 
from 10,597 to 11,321 Calories, the negative balance of energy in¬ 
creased from 4,675 to 5,399 Calories, and the latent heat of water 
vapor decreased from 21.27 to 14.51 per cent of the total heat produc¬ 
tion (uncorrected to the standard day). Obviously the temperature 
was below the critical in period lb. That this is true is also shown 
by the negative heat increments, computed through comparisons 
involving the heat production of this period. 

It is also clear that the temperature was below the critical in period 
la, as is shown by the facts that the heat increments involving 
period la are very much smaller than those derived from periods 2 
and 3, and that the heat production is practically the same in period 
la as in period 3a, while the feed is materially less. 

That the temperature in periods 2 and 3 was above the critical is 
clearly shown by the practical identity of the heat production at the 
two temperatures. 

One condition which doubtless affected the critical temperature for 
this experimental subject, and at a progressively changing rate, was 
the growth of the hair coat. Since the animal was sheared at the 
beginning of the experiments (January 2), and the coat was thereafter 
allowed to grow, the effect of this increasing protection must have 
been to lower the critical temperature. The results of experiment 
235 (to be discussed) give us reason to believe that the difference in 
the critical temperature for an animal immediately after shearing and 
two and one-half months afterward, as shown in experiment 186, 
is a factor of very great importance in determining the inj&uence of 
environmental temperatures on the production of heat. 

A study of the data obtained in experiment 186 makes clear the fact 
that neither the energy balance nor the percentage of the heat produc¬ 
tion which is represented by the latent heat of water has by itself a 
definite diagnostic significance in relation to the critical temperature, 
though the conditions prevailing in respect to both contribute to the 
general picture of the response of the animal to the temperature of 
its environment. 

From the point of view of the general program of research on energy 
metabolism at this institute the important conclusion to be drawn 
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from this experiment is that even when receiving a considerable 
quantity of feed (2.933 kgm. of dry matter) an environmental tem¬ 
perature as high as 19® C. may be below the critical temperature for 
a steer that has been sheared. On account of the imperfect method 
used for computing the results, especially the heat production as 
observed to the standard day as to standing and lying, this point 
was missed in the earlier discussions of this experiment, in spite of 
the fact that the work was planned especially to bring out the facts 
in this relation. 

The heat increments derived from the three periods at 19® C. were 
321 Calories, 7 Calories, and 748 Calories. Except for such error 
as there may be in the assumption that the heat increment is a 
lineal function of the feed, theoretically, the only reasons (aside from 
uncontrolled variations) that these values should not have agreed 
exactly were that the temperature in periods la and lb was b^elow 
the critical temperature, and that the steer began the season^s experi¬ 
ments without his coat and finished with a two and one-half months’ 
growth of hair. 

In other of the early experiments with steers at this institute there 
were many instances of a loss from the body of as much as 2,000 
Calories a day, and in all cases the steers began the season’s experi- 
inental program without their coats. It is impossible to estimate the 
influence w^hich the growth of hair dming the course of the experi¬ 
ments may have exerted on the results, but that the results were 
influenced by this added protection to the body of the animal must 
be considered as at least a possibility, and may be guarded against 
in the future by not shearing the experimental subjects. It has been 
found that the error thus introduced into the computed heat produc¬ 
tion by the failure to account for the growth of han is properly 
negligible in studies of the net energy value of feeds. 

EXPERIMENT NO. 235 

OBJECT 

The purpose of experiment 235 was to study the following prob¬ 
lems, only the fii'st of which is discussed in this paper: (1)^ The heat 
production of the beef steer as affected by the coat of hair and the 
temperature of the environment; (2) the fasting katabolism as a 
measure of the maintenance requirement of energy; (3) the com¬ 
parative utilization of energy for maintenance and body increase; 
(4) a comparison of the direct and the respiratory quotient methods 
of measurement of heat production (a) during fasting, (6) while on 
a maintenance level, and (c) in body increase. 

EXPERIMENTAL SUBJECTS 

Two steers, designated Nos. 259 and 260, were used in the experi¬ 
ments, No. 259 being an Aberdeen Angus-Galloway cross, aged 
16^ months, and No. 260, Aberdeen Angus-Shorthorn cross, aged 
months at the beginning of the experiments. Both steers were 
of typical beef character, their sires and dams being purebred. 
Both were quiet and admirably adapted to experimental use. In 
condition they were approximately half fat. No. 259 was kept 
shorn throughout the experiments, while No. 260 wore his full wfinter 
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coat of hair. The steers had been halter broken and familiarized 
with the calorimeter and all conditions attendant upon the experi¬ 
mental routine before the experiments began. The live weights of 
the steers are given in Table 2. 

Table 2. —Schedule of experiment No. 2S5 


Treatment 

Steer 260 (full winter coat) 

Steer 259 (sheared) 

Experimental periods 

Tem¬ 

pera¬ 

ture 

Initial 

live 

weight 

Experimental periods 

Tem¬ 

pera¬ 

ture 

Initial 

live 

weight 



® C. 

Kgm. 


1 

® C. 

Kym, 

T. total finra- 

•Tan. 9 to .Tan. 19® _ 



Jan. 27 to Feb. 7*_ 



tion. 







Calorimeter period 

Jan. 13, 6 p. m. to Jan. 

15.54 

356.8 

Feb. 1, 6 p. m. to Feb. 

13.68 

349.1 

No. 1. 

14, 6 p. m. 



2 , 6 p. m. 



Calorimeter period 

Jan. 15, 6 a. m. to Jan. 

i 1&46 

354.4 

Feb. 3, b a. m. to Feb. 

15.70 

346.1 

No. 2. 

16 , 6 a. m. 



4, b a. m. 



Calorimeter period 

Jan. 16,6 p.m. to Jan. 

21.51 

352.1 

Feb. 4,6 p. m. to Feb. 

18.26 

343.1 

No. 3. 

17,6 p. m. 



5, 6 p. m. 

1 


Calorimeter period 

Jan. 18, 6 a. m. to Jan. 

14.16 

349.7 

Feb. 6, 6 a. m. to Feb. 

22.06 

340.0 

No. 1 

19,6 a. nt. 



7, 6 a. m. 



II. Maintenance, di¬ 

Feb. 10 to 27, inclusive- 



Feb. 24 to Mar. 13, in¬ 



gestion period. 



clusive. i 



Calorimeter period- 

Feb. 24,26, and 26_ 

17.73 

378.7 

Mar. 10,11. and 12.— 

17.73 

357.7 

m. Production, di¬ 

Mar. 10 to 27, inclu¬ 



Mar. 24 to Apr. 10, in 



gestion period. 

sive. 



elusive. 



Calorimeter period- 

Mar. 24, 25, and 26- 

17.69 

411.7 

Apr. 7, 8, and 9. 

17.76 

386.1 


® Physic given at 9 and 11 a. m., on Jan. 9; last feed, grain only, given on evening of Jan. 9; paunch pumped 
out and enema given at 11 a. m., Jan. 10. 

6 Last feed, grain only, given on evening of Jan. 27; physic given at 9 and 11 a. m., Jan. 28. 


SCHEDULE OP EXPERIMENTS 

In the schedule of experiments as set forth in Table 2 it will be 
noted that both steers were subjected to the same routine, which 
embraced observations on the three planes—^fasting, maintenance, 
and production. 

The fasting period was 10 days for No. 259 and 93>4 days for No, 
260. After a preliminary fast of 5 days with No. 259 and 4 days 
with No. 260, a series of four 24-hour calorimeter experiments, sep¬ 
arated by 12-hour intervals, each period being at a different tempera¬ 
ture, were conducted with each steer. 

The maintenance and production periods were each 18 days in 
length. During the first 15 days of these periods the steers were 
confined in digestion stalls, and the feed eaten and the excreta voided 
were quantitatively accounted for. The last 3 days of each 18-day 
digestion experiment constituted the calorimeter periods. 

PREPARATION OP SUBJECTS 

At the beginning of the experiments it was desired to get the steers 
onto a true fasting basis in the shortest possible time. The method 
followed with No. 260 was to give a physic and to withhold roughage 
for 1 day and grain for one-half day; the paunch was then washed 
out by means of a stomach pump and an enema given. The pump 
showed the paunch to be empty at this stage; hence in the prepara¬ 
tion of No. 259 the pumping out of the paunch was omitted. 

The preliminary feeding was on a maintenance basis. After the 
termination of the 9J4 ^^d 1034 day fasts the steers ate very little 
for a few days; in fact, in both cases it required 434 days to get them 
^ back to as much as a maintenance ration. 
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Steer No. 259 was sheared January 27 and again March 4. The 
weight of the full winter coat as removed January 27 was 1,200 gm., 
the steer weighing at that time 373 to 384 kgm. (before and after 
watering). On March 4, 36 days thereafter, a second shearing 
yielded 52 gm. of hair. The growth of hair, therefore, seems to have 
been at the rate of 1.4 gm. per day. 

METHODS OF EXPERIMENTATION 

The methods of work conformed, in a general way, to those pre¬ 
viously used at the institute, as detailed in various publications, and 
with those outlined by Forbes and Grindley (S). However, since the 
publication in 1918 of the last article on steer feeding such material 
improvements of procedure have been accomplished in the institute's 
respiration calorimetric studies as to place them on a new status of 
accuracy and promise. These changes of procedure have recently 
been enumerated in “Science^’ by one of the present writers (5). 


Table Z.—Experiment 235: Daily heat production of fasting steers 


Animal and temperature 
of chamber (“ C.) 

Period 

Heat emission 

' Heat 
i produc- 

By radia-, 
tion and 
conduc¬ 
tion 

As latent 
heat of 
wrater 
vapor 

Total 

corrected i 
to one- i 
half time j 
standing 1 

1 

tion cor¬ 
rected to 
one half 
time 
standing 



Cal. 

Cal. 

Cal 

Cal ; 

Cal 

Steer No. 260 (full coat): 

fla 

2,411 

878 

3,289 

3,347 


15.54. 

\lb. 

2,122 

704 

2,82b 

2,904 ! 



Total per day. 

4,533 

1,582 

6,115 

6,251 j 

6,322 


(2#i __ - 

2,047 

907 

3,044 

3,126 


lS.4b. 

\2b. 

2,060 

1,190 

3,250 

3,330 



Total per day. 

4,107 

2,187 

6,294 

0,456 

6,430 



3,839 

3,391 

3,230 

3,335 


21.51. 

\3b. 

3,725 

1,400 

3,125 

3,171 



Total per day. 

3,5b4 

2791 1 

6,355 

6,486 

6,453 


fdfl _ 

2,240 

797 1 

3,037 ! 

3,117 


14.16. 

{ 4 b. 

2,279 i 

746 1 

3,025 

3,134 



Total per day. 

4,519 

1,543 

6,062 

6.231 

6,180 

Steer No. 259 (sheared); 

Mn 

3,545 

747 1 

1 

i 4,293 

4,295 


13.68. 

\lb... 

3,304 

663 

3,967 

4,033 

1. 


Total per day. 

6,849 

1,410 

8,260 

8,328 

j 

i 8,243 

1 - 


fOa 

3,113 

724 

3,837 

3,873 

. 

15.70. 

\2b. 

3,178 

751 

3,929 

3,999. 



Total per day. 

6,291 

1,475 

7,766 

7,872 

7,889 


fga _ 

2,999 

782 

3,781 

3,813 


■ 18.26. 

tsb. 

2,967 

769 

3,736 

3,727 



Total per day..- - 

5,966 

1.551 

7,537 

7,640 

7,519 



2,489 

904 

3,393 

3,430 


22.00.-. 

■ \4b-_. 

2,460 

862 

3,322 

3,392 



Total per day- 

4,949 

1,766 

6,715 

6,822 

6,806 
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discussion of results 

The heat production of the fasting animals is recorded in Table 3 by 
12-hour subperiods, to permit of judmient of the validity of the heat 
production of each day as a whole. This is rendered desirable by the 
fact that the one-day measurements are only one-third the length of 
the usual calorimeter periods. It was considered impracticable, as 
well as undesirable, to hold the fasting animal for the three-day period 
of observation at each of the temperatures. 

The agreement between the 12-hour subperiods was usually ex¬ 
cellent. With both steers the agreement of these subperiods was 
least perfect on the first day of the series of measurements, but even 
on these days it was fair. As a whole, the data are highly satisfactory 
in spite of the short periods of measurement, one period serving as a 
check on others in the series. 

The heat emission was corrected to the standard day of 12 hours^ 
standing; and then by a correction for the temperature gain or loss in 
water and excreta, the values for heat emission were computed to 
heat production. The derivation of the water balance used in this 
computation is indicated in Table 4. 


Table 4. —Experiment 23S: Computation of the daily water balance in the fasting 

experiments xoith steers 


Animal and 
period No. 

Fresh 

urine 

Dry matter j 

1 urine 

1 ____ ^ _ 

Fresh 

feces 

Dry matter 
in feces 

Water 

in 

feces 

Water 

vapor 

Total 

water 

outgo 

Water 

drunk 

Water 

bal¬ 

ance 

Steer 260 (full 
coat): 

Grams 

Per 

cent 

Grams Grams 

Grams 

Per 

cent 

Grams 

Grams 

Grams 

Grams 

Grams 

Gra7ns 

1. 

1,210 

9.15 

110.7 

1,099 

30 

«34.21 

10.3 

20 

2,690 

3,809 

6,960 

+3,162 

2. 

6 444 

8.02 

35.6 

408 

459 

24.52 

112.5 

347 

3,725 

4,480 

220 

-1,260 

3. 

6 688 


*41.7 

647 

105 

31.98 

33.6 

71 

4,775 
2,616 

5,493 
4,065 

3,690 

2,030 

-1,903 

-2,035 

4. 

1,421 

6.06 

8.61 

1,335 

181 

37.11 

67.2 

114 

Steer 259 
(sheared): 

1.-. 

2,031 

5.91 

120.0 

1,911 

5 

<*27.07 

1.4 

4 

2,391 

4,306 

920 

-3,386 
+781 

* 3 ! 

6 

5. 91 

.4 

6 

7 

“27.07 

1.9 

5 

2,509 

2,519 

3,300 

3. 

2,111 

*7.75 163.5 

1,948 

224 

29.61 

66.3 

158 

2,642 

4,747 

3.760 

3,770 

-987 

4. 

1,785 

7.75 

138,3 

1, 647 

15 

“30.80 

4.6 

10 

3,024 

4,681 

-911 


« Assumed to be the same as in samples between periods. 

‘ computed 

. 1.832 gm. Cinoludingwash 

Assumed to be the same as in period 1. 

« Assumed to be the same as in period 4. 

In view of the fact that the intake and outgo of water by way of the 
alimentary and excretory tracts are extremely variable, little evidence 
of order in the water balances is expected. The outgo of water vapor, 
however, varies from period to period, always in the same direction as 
the temperature of the air in the calorimeter chamber. It will be 
observed that the water balances were negative in six cases of the 
eight recorded. This is in harmony with past observations at 
the institute, and perhaps signifies that the drinking facilities in the 
respiration chamber were not quite satisfactory to the steer. Since 
a steer can drink, and often does drink, at one draft, a sufiicient 
quantity of water to meet his requirements for two or three days,*^ 

® Tfae extensive water-drinking capacity of cattle is of great economic importance. In semiarid regions 
cattle often live month after month without drinking more than two or three times a week. This ability 
of cattle to go for long periods without drink makes possible the utilization for m.=‘at production of forage 
in regions so remote from markets and so far from water as to be useless for any other agricultural purpose. 
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it is readily conceivable that a very trifling factor may appreciably 
affect the water intake and balance. 

The heat production in relation to the body surface wfll be dis¬ 
cussed in connection with Table 5. Referring first to the sheared 
steer, No. 259, it will be noted that in the course of 4 days of observa¬ 
tion, beginning with day of fast 5 to 6 and continuing to day 934 
ipH> with half-day intervals between the 24-hour periods of observa¬ 
tion, the temperature of the chamber of the calorimeter was raised 
by increments of 2.02^^ 2.56°, and 3.80°, from 13.68° on day of fast 
5 to 6 up to 22.06° on day 934 to 1034- Thus the changes in tem¬ 
perature were all in one direction—that is, upward. 


Table 5. —Experiment 235: Computation of heat production per square meter of 
body surface of fasting steers 



Tern- 



Aver¬ 

age 

Empty 


Heat production per 
standard day 

Animal and 
period No, 

pera- 
ture of 
cham¬ 
ber 

Days of 
fast 

Live 

weight, 

fasting 

Jive 

weight, 

mainte¬ 

nance 

periods 

weight, 

mainte¬ 

nance 

periods 

Empty 

weight, 

fasting 

Surface , 
area, 

0.1186W^« 

Total 

Per 100 
kgm. of 
live 
weight 

Per 
.square 
meter 
of body 
surface 

Steer 259 (sheared): 
1. 

° a 

13.68 

5-6 

Kam. 

339.6 

Kgm^ 

350.7 

350.7 

Kgm. 

315.6 

Kgm. 

364.6 

I 

Sq. m. \ 
4.23 ! 

Cal. 

8,243 

7,889 

7,519 

6,806 

6,322 

6,430 

6,453 

6,180 

Cal 

2,427 

2,344 

Cal. 

1,949 

1,878 

1,799 

2. 

15.70 

6H-7H 

8-9 

336.6 

333.6 

315.6 

31Sl6 

315.6 

332.4 

301.6 

420 ! 

3. 

18,26 

350.7 

350.7 

298.6 

295.6 

4.18 i 

2,254 

4. 

22.06 

4-5 

330.5 

4 15 t 

2,059 

1,776 

1^640 

1,440 

steer 260 (full 
coat): 

1. 

15.54 

356,0 

369.3 

323.4 

1 

4 39 1 

2. 

18.46 

6J'^ 6H 
7-8 

353.6 

369.3 

332.4 

320.4 

4 37 1 

1,819 

1,837 

1,771 

1,801 

1 

1,471 

1,487 

1,431 

3. 

21.51 

351.3 

369.3 

332.4 

317.4 

4 34 

4. 

14.16 

8?'^ m 

349.0 

369.3 

332.4 

314.4 

432 

Average, 260 only. 

1,457 







1 


“ Moulton’s formula (7). 


Coincident with each increase in the temperature of the chamber, 
the animal showed a decrease in heat production. At a temperature 
of 13.68° C. the heat production was 8,243 Calories; at 15.70°, 7,889 
Calories; at 18.26°, 7,519 Calories; and at 22.06°, 6,806 Calories. 

Since each increase in temperature w^as accompanied by a large 
decrease in heat production, the temperature must have been below 
the critical for the animal in the first three periods at least; in the 
fourth period we have no basis for judgment as to the relation of the 
temperature to the critical. 

With steer No. 260, which possessed his full winter coat of hair, 
the temperatm'e on the four days of observation between days of 
fast 4 to 5 and 834 to 934 was raised from 15.54° to 18.46°, next to 
21.51°, and then lowered to 14.16°. 

During the periods of increasing temperature the heat production 
was essentially unchanged (6,322, 6,430j and 6,453 Calories), The 
slight increase noted from period to period may possibly signify an 
expenditure of energy in keeping cool, although the evidence on this 
point is inconclusive. Since these increases in temperature were not 
accompanied by decreases in heat production, it is obvious that the 
prevailing temperatures w^ere above the critical for this steer. 
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After it was observed that the temperature during the first three 
periods seemed to be above the critical for this steer, it was lowered 
during the fourth period to 14.16° C. in an effort to reach a tempera¬ 
ture below the critical. The heat production at this temperature, 
however, was the lowest of all. It therefore became perfectly clear 
that the temperature had been above the critical for this steer in at 
least the first three periods, and that in the fourth there was as with 
the other steer, no basis for judgment as to the relation of the tem¬ 
perature to the critical. 

Thus the difference in the coat of hair of the two steers led to 
a sufficient difference in heat production to reveal the environment 
for one to be clearly above and for the other as clearly below the 
critical temperature—at the range of temperatures obtainable in the 
respiration calorimeter as now equipped. It becomes obvious, there¬ 
fore, that if it is desired to relate the heat production to the feed 
consumption in work involving low planes of nutrition with cattle the 
experimental subjects must not be sheared. Fortunately, as already 
explained, a neglect to account for the growth of the coat does not 
involve us in significant error, in studies of the body metabolism as 
a whole. 

Another observation of importance which may be made from the 
heat production of steer No. 260 is that the animal had practically 
reached the true fasting katabolism on the fourth to fifth day after 
the last feed. 

The infiuence of the environmental temperature on the manner of 
the heat loss is shown in Table 6. With both steers the heat lost by 
radiation and conduction (combined) and that lost by evaporation 
of water varied in a complementary manner—that is, the warmer 
the temperature the greater the loss of heat by evaporation and the 
smaller the loss by radiation and conduction. This relationship pre¬ 
vailed invariably, both as revealed in the absolute quantities of heat 
and as percentages of the total heat production. 

Table 6. —Experiment B35: Influence of temperature on the manner of heat loss 


Animal and period No. 

Tempera¬ 
ture of 
chamber 

Heat lost 
by radia¬ 
tion and 
conduc¬ 
tion* 

Heat lost 
by evap¬ 
oration of 
water 

Total heat 
produc¬ 
tion « * 

Heat lost 
by radia¬ 
tion and 
conduction 
as per cent 
of total 

Latent heat 
of water 
vapor as 
per cent 
of total 

Steer No. 259 (sheared); 


Cah 

Cal. 

Cah 

Per cent 

Per cent 

1.-.. 

13.68 

6,763.5 

1,410.7 

8,174.2 

82.74 

17.26 

2. 

15.70 

6,308.7 

1,475.0 

1 7,783.7 

81.05 

; 18.95 

3. 

18.26 

5,944.7 

1,550.9 

7,495.6 

79.31 

20,69 

4.-. 

Steer No. 260 (full coat): 

22.06 

4,933.2 

1,766.0 

6,699. 2 

73.64 

26.36 

1. 

15.54 

4,604.2 
4,081.0 

1,581.4 

6,185.6 

74.43 

■ 25.57 

2. 

18.46 

2,186. 5 
2,791.1 

6,267. 5 

65.11 

i 34.89 

3.—. 

2L 51 

3,531.0 

6,322.1 1 

55.85 

i 44.15 

4.-. 

14.16 

4,468.2 

1,543,5 

6,011.7 i 

74.33 

i 25,67 


« Corrected for gain by body. * Not corrected to standard day. 


One pronounced difference is noticeable in the response of the two 
steers to the temperature changes. With about the same range of 
temperatures, steer No. 260 (full coat) gave off 25.57 to 44.15 per 
cent of the heat production as latent heat of water vapor, while steer 
No. 259 (shorn) eliminated 17.26 to 26.36 per cent of the heat in 
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this maimer. This difference is due to the fact that the tempera¬ 
tures were below the critical for steer No. 259. Since this animal 
had been deprived of its coat of hair, the skin w'as cooler, the super¬ 
ficial circulation of the blood was doubtless diminished by the con¬ 
traction of the capillaries, and the outgo of latent heat of water vapor 
was naturally lessened. 

Thus far we have dealt with the heat production of the indi^udual 
animal, computed to a standard day as to standing and lying, but 
no effort has been made to express the heat in relation to a unit of 
size of the animal. Two practicable units of reference are those 
representing live weight and surface area. Each has its point of 
superiority. Thus, live weight can be ascertained with relative 
accuracy, and without extensive compromise as to significance on 
account of variation in the content of the alimentary and excretory 
system, but it has the disadvantage of not varying directly as the 
heat production. Surface area, on the other hand, has the advantage 
of varying more nearly as does the heat production; but in using this 
measure one is handicapped by the fact that there is no perfect means 
for determining the surface area of the animal. 

Among the possible means for determinging the surface area are 
(1) computation in accord with the two-thirds power of the live 
weight; (2) direct measurement on the living animal, as by Brqdy^s 
“surface integrator”; and (3) reference to formulae, based either 
upon Brody^s surface measurements or upon measurements of the 
freshly removed skins of animals of the kind used in the experiment. 
There are obvious possibilities of error in all of these methods. In 
this study the heat production is expressed (1) per head, (2) per kilo¬ 
gram of live weight, and (3) per square meter of body surface, the 
surface area being computed as in Table 5. 

In this computation, beginning with the average live weights as 
observed in maintenance periods, the empty live weights in mainte¬ 
nance periods were computed by the use of the factor 0.9, taken from 
the work of Trowbridge, Moulton, and Haigh {8). Next, from these 
empty live weights during maintenance were computed the empty 
live weights during fast, by subtracting from the former values the 
estimated loss of body tissue during fast. In this computation the 
protein loss was computed from the urinary nitrogen, and the carbon 
balance was computed to fat, the carbon lost as carbon dioxide plus 
the carbon in the urine being considered as the total loss of carbon 
derived from body tissue. 

From the empty live weights during fast the surface areas during 
fast were computed by the use of Moulton’s formula 0.1186W-'^ (7), 
The most obvious possibility of error in this procedure seems to be in 
the measurements of the hides, as indicating the surface area of the 
animals, the uncontrolled factors being the folding of the skin and 
its tension. Not only does the skin lie to some extent in folds on the 
live animal, but obviously a difference in tension must accommodate 
the difference in surface area caused by the “fill” of the animal. 

The heat production on the three above-mentioned bases is pre¬ 
sented in the three columns at the right in Table 5. Average values 
for steer No. 259 are not presented, since these would be without 
definite significance in relation to a normally covered animal, but for 
steer No. 260 averages of 18.01 Calories per kilogram of live wei^t 
and 1,457 Calories per square meter of body surface are presented as 
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applying to normal cattle. The latter datum is of especial significance 
and value in the computation of the maintenance requirement of energy. 

The decrease in heat production per square meter of body surface 
per degree of rise in temperature, as observed with steer No. 259, and 
derived as indicated in Table 7, is a figure of fundamental significance, 
especially as indicating the rate of loss of heat, or saving of heat 
(according to circumstances), as affected by temperatures below the 
critical. On the basis of the evidence derived from this experiment 
it appears that a rise of 1 degree in temperature below the critical 
occasions a saving of 36 Calories per square meter of body surface. 


Table 7. —Experiment 235: Effect of subcritical temperatures on the daily heat pro¬ 
duction of steer No. 259 


Periods compared 

Rise in 
tempera¬ 
ture of 
chamber 

Decrease 
in heat 
production 
per square 
meter of 
body 
surface 

Decrease in 
heat pro¬ 
duction per 
square me¬ 
ter of body 
surface per 
degree of 
rise in tem¬ 
perature 

1 and 2........ 

® C. 

2.02 

Calories 

71 

Cahries 

35 

1 and 3. 

4.58 

150 

33 

1 and 4........... 

8.38 

309 ! 
79 

37 

2 and 3....... 

2.56 

31 

2 and 4....... 

6.36 

238 i 

37 

3 and 4.—.. 

3.80 

159 

42 

Average_______ 

36 



_ 


The practical significance of this fact, which is so clear as to require 
no special demonstration, is that under the usual conditions of inten¬ 
sive cattle feeding, where feed and shelter are to be had at reasonable 
cost, it is more profitable to keep the animal above the critical tem¬ 
perature than to force it to burn extra feed or to draw upon body 
reserves of energy in order to keep warm. Whatever the conditions 
as to profitable practice, however, it is important to know that a fail of 
1° C. in temperature below the critical increases the cost of mainte¬ 
nance of cattle by about 2.5 per cent. 

Use may also be made of the value for decrease in heat production 
per square meter of body surface per degree of rise in temperature 
below the critical in computing the critical temperature of an animal. 
In order to do this it is necessary to have the heat production at two 
points, one above and one distinctly below the critical temperature. 
By such procedure it is possible to study the effect of various factors 
of treatment on the critical temperature. The data in Table 7 were 
obtained with an approximately half-fat steer weighing 335 kgm. No 
information is available to show the accuracy with which the result 
determined would apply to animals of other weights and degrees of 
fatness. 

CONCLUSIONS 

A recent review and recalculation of published energy metabolism 
work of this institute has brought to light the fact that in one experi¬ 
ment at least, and perhaps in others, there was a confusion of heat 
produced from the feed with heat produced from the katabolism of 
body tissue, by reason of the fact that the shearing of the steer which 
served as the experimental subject had the effect of raising the 
critical temperature for the animal above the temperature of the 
chamber of the respiration calorimeter. 
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A steer recemng as much as 2.933 kgm. of dry matter of feed per 
day may find a temperature of 19° C. below its critical temperature 
if the animal has been sheared. 

In a fasting experiment, with a steer, beginning four days after the 
last feed was given, the heat production on the first day of observa¬ 
tion—that is, on day 4 to 5 after feeding—was found to represent 
essentially the true fast. 

In the case of a fasting steer, shorn of its coat of hair, weighing 
339,6 to 330.5 kgm., at environmental temperatures of 13.68°, 15.70°, 
18.26°, and 22.06° C,, the 24-hour heat production was, respectively, 
8,243 Calories, 7,989 Calories, 7,519 Calories, and 6,806 Calories, 
showing that at least the first three temperatures were below the 
critical for this animal. 

With a fasting steer cariying a full coat of hair, weighing 356 to 
349 kgm., and exposed to environmental temperatures of 15.54°, 
18.46°, 21.51°, and 14.16° C., the corresponding 24-hour heat produc¬ 
tion was 6,322 Calories, 6,430 Calories, 6,453 Calories, and 6,180 Calo¬ 
ries, respectively, at least the first three temperatures being above the 
critical. The data suggest that at these temperatures there may 
have been a slight expenditure of energy by the animal in keeping cool. 

With both the shorn steer and the steer with a full coat the per¬ 
centage of the heat emission as latent heat of water vapor increased 
with the increase in temperature, this effect being much more pro¬ 
nounced with the steer having the full coat of hair. Conversely, the 
percentage of the heat emission lost by radiation and conduction 
(combined) decreased with increase in the temperature. 

The average heat production of a fasting steer with its full winter 
coat was 18.01' Calories per kgm. of live weight and 1,457 Calories per 
square meter of body surface. 

The decrease of heat production per degree centigrade of rise in 
temperature below the critical was 36 Calories per square meter of 
body surface, or about 2.5 per cent of the fasting katabolism. 
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THE FASTING KATABOLISM OF DRY COWS' 


By E. B. Forbes, Director; J, Augitst Fries, Assistant Director; Wixfreb W, 
Bkamax, Associate; and Max Kriss, Associate^ Institute of Animal Nutrition, 
Pmnsylvania State College 


INTRODUCTION 

This paper presents results on one aspect of a general investigation 
of the energy metabolism of milk production. The research as a 
whole was planned by the late H. P. Armsby, former director of the 
Institute of Animal Nutrition, Pennsylvania State College, the 
experiments here discussed having been conducted in the years 1919 
to 1922, under the immediate direction of J. August Fries, with the 
cooperation of W. W. Braman, D. C. Cochrane, Max Kriss, C. D. 
Jefiries, W. J, Sweeney, and R. M. Meredith. The reader is referred 
to other papers (4, 1, 2, 3)'^ which have been published on this 
project. 

The fasting katabolism of dry cows is of special interest in con¬ 
nection with the maintenance requirement in lactation, and this paper 
may be regarded as introductory to a paper (d) which is to follow', 
which is based upon studies with the same individual animals in 
experirnents on the production of milk. 

In utilizing the directly determined fasting katabolism as a measure 
of the maintenance requirement of energy the writers are departing 
from the previous tnethod of the institute, which, following ^‘msby, 
was to compute the fasting katabolism (maintenance requirement) 
from the difference in heat production resulting from a corresponding 
difference in feed at two planes of feeding. The evidence which 
seems to the writers to justify this change, and a discussion of the 
whole sub j eel of determination of the maintenance requirement of 
energy, will be presented at an early date. Suffice it to say, for the 
present, that the new procedure referred to simply involves the use 
of a directly determined instead of a computed measure, without 
change in theory, and that the new procedure brings this institute 
into harmony, in this regard, with the students of the energy meta¬ 
bolism of animals generally. However, the use of the writers^ new 
measure of the maintenance requirement for cattle involves most 
importtot consequences in the determination of net-energy values. 

It will readily be appreciated that in making use of the fasting 
katabolism as a routine measure it is necessary that it be determined 
in a standard way. The evidence necessary for the establishment of 
such a standard procedure is not yet at hand, but will be at an early 
date; and the present paper is a contribution toward this object. 

A question which naturally suggests itself to anyone who is inter¬ 
ested in the fasting katabolism in connection with the practical prob¬ 
lems of animal feeding is as to the real significance of this measure 
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in such relations. Is the heat production of a starving animal wholly 
the result of normal processes, or is the starving animars metabolism 
essentially abnormal and deranged, in such sense that it can not be 
regarded as the true maintenance quota of net energy during feeding? 

The metabolism of fasting is characterized by several conditions, 
which, whether they be regarded as normal or abnormal, do differ 
distinctly from those prevailing during feeding. Thus, during fast 
there is, of course, a depletion of not only the body content of carbo¬ 
hydrate and fat, but of all essential nutrients, including proteins, 
mineral salts, and vitamins; also there is commonty a negative water 
balance, at least a mild degree of acidosis, and Lennox (6) now reports 
a retention of uric acid. 

Furthermore, rations for cattle alwaj^s contain a much larger pro¬ 
portion of carbohydrate in comparison with fat and protein than that 
present in the body nutrients katabolized by fasting cattle; and, since 
each of these classes of nutrients is utilized at its own individual rate 
of efSciency, it follows that the heat production of fasting must stand 
in a quantitative relation to the nutrients consumed different from 
that prevailing during the use of any normal ration. 

As for the nature of the influence, upon the associated heat pro¬ 
duction, of the several conditions of metabolism which are character¬ 
istic of fasting, the existing knowledge is far from complete but is 
sufficient perhaps to justify the discussion of the conception of a 
hypothetical normal” maintenance requirement of energy differing 
in anioimt from the observed fasting katabolism which the writers 
are adopting as their measure of the maintenance quota. 

The writers have found, in experiments the results of which are as 
yet mostly unpublished, that when they compute the fasting kata- 
bolisin (as a measure of the maintenance requirement) from the 
difference in heat production at two supermaintenance levels of feed 
intake, they obtain a value which is significantly lower than the 
directly determined fasting katabohsm. This shows that super¬ 
maintenance heat increments are larger than submaintenance incre¬ 
ments, or, in other words, that the heat increment is not a straight- 
line function of the amount of the feed, and, consequently, that it is 
improper thus to use supermaintenance increments to apply to sub- 
maintenance conditions. Whether the hypothetical “normal” main¬ 
tenance requirement of energy would be the same as or higher or 
lower than the fasting katabolism (maintenance requirement) as 
computed from supermaintenance heat increments is, in the light 
of the present limited knowledge, a debatable question; that is, it is not 
known whether supermaintenance heat increments are higher than 
submaintenance increments on account of heat-stimulating effects 
of “abnormal” or other characteristic conditions of fasting, or on 
account of actual differences in utilization of feed energy, because 
the shape of the curve of heat increments in relation to feed consumed, 
from a state of fast up to maximum feed consumption, is not known. 

However, from the point of view of the writers’ present interest in 
the significance of the fasting katabolism as related to metabolism 
during feeding, they dismiss the whole subject of the origin, com¬ 
position, and essential’nature of the fasting katabolism (as to its 
being “normal” or “abnormal”), because, whatever the facts.in 
this situation, the amount of food which is capable of entirely pre¬ 
venting this katabolism of body substance (during fast) must be 
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credited with a net-energy value measured by the protection thus 
afforded the body from loss; in other words, the heat production 
of fasting, which represents the loss of enei’gy by the body, is the 
measure of the net-energy value of a ration requhed to keep the 
animal in energy equilibrium. 

In this light the fasting katabolism may be regarded as of direct 
and unqualified significance as a measui'e of the maintenance require¬ 
ment of energy, in relation to feeding practice. 

EXPERIMENTAL DATA 

Referring to Table 1, and proceeding from the left to the right in 
discussing the data, the first column signifies that in experiments 
221D, 221E, and 221F, cows 886, 885, 874, and 887 were subjected 
to respiration calorimetric studies, two on the second and third days 
of fast, one on the fifth and sixth days of fast, and two on days 
to 7}4 and 7J4 to 83 ^ 2 - 

Table 1.— Energy metabolism of fasting dry coivs^ commuted to calories per square 

meter of body surface 


Expedment; animal; period; and day of 
fast 


Live 

weight, 

fasting 

: Live j 
' weight, j 
! mainte- | 
: nance I 
. periods | 

Empty ; 

live i 
weight, 
mainte- i 
nance ; 
periods , 

Empty 

live 

weight, 

fasting 

(W) 

Body i 
surface 
(0.1186 
XW|) j 

Heat 
produc¬ 
tion per 
day 

3 

: 3 

; 1 

4 

5 

i ^ 


Kgm. 

411 

405 

I Kgm. i 
!} 420.2 j 

Kgm. 
378.2 ! 

j 

Kgm. 

/ 376.2 

1 374 2 

Sq. m. 

4 83 
4 81 I 

Cals. 

1 6,752 

6,336 

420 

417 

1} 

383.8 

1 1 

/ 381.8 

\ 379.8 

487 ' 
486 

6,760 

6,570 

421 

419 

4344 

1 

391.0 i 

f 383.0 
t 381.0 

488 

487 

6,601 

6,576 

395 

393 

!| 415.6 

374 0 

/ 361.0 

1 359.0 

4 70 
4 69 

6,996 

6,658 

301 

297 

1 320.5 

288.5 ; 

i 275.5 

1 273.5 

3.97 

3.96 

6,019 

6,228 


221D, 886, IV; 

Day 2-3_ 

Day 3-1_ 

221D, 885, IV: 

Day 2-3_ 

Day 3-4_ 

221E, 885, III: 

Day 5-6_ 

Day 6-7_.._ 
221F, 874, III: 
Day6li-7^i 
Day 7,1^8 
221F, 887, III: 
Day 6?'2-7 Is 
Day 73^-8^ 2 


Experiment; animal; period; and day of fast 


Heat 

produc¬ 

tion, 

standard 

day 

Heat 
produc¬ 
tion, per 
square 
meter 
of body 
surface 

Heat 
produc¬ 
tion, per 
kilogram 
of body 
weight 

Latent 
heat of 
water 
vapor 

Temper¬ 
ature of 
chamber 

8 

9 

10 

11 

12 

' Cals. 

6,779 
j 6,400 

Cals. 
1,404 
: 1,331 

Cals. 

16.49 

1 15.80 

Per cent 
20.72 
£0.72 

17.64 

17.64 

6,523 

6,374 

1,339 
! 1,312 

15.53 

15.29 

26.38 

25.31 

17.63 

37.59 

6,384 

6,413 

1,308 
1,317 

15.16 

15.31 

22.39 
i . 22.14 

18.41 

18.45 

6,906 

6,669 

1,469 

1,422 

17.48 
16.97 

21.47 

22.48 

17.94 

17.98 

5,778 

1,455 

1.611 

19.20 
£0.14 

19,72 

1&77 

17.92 

17.90 


221D, 886, IV: 

Day 2-3. 

Day 3-4. 

221D, 885, IV: 

Day 2-3. 

Day 3-4. 

iSlE, 885, III: 
Day 5-6..,.- 

Day fr-7. 

221F, 874, III: 
Day 6?4-7^ ij. 
Day 73/2-8? 2 - 
221F, 887, III; 
Day 63'^7^ 2 -- 
Day 73'2-8? 2 - 
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In all cases the animals were on practically a maintenance basis of 
nutrition when the fasting experiments began. In all cases the 
rations were composed of 40 per cent of alfalfa hay and 60 per cent 
of a grain mixture consisting of 30 per cent corn meal, 30 per cent 
wheat bran, 30 per cent ground oats, and 10 per cent linseed meal. 
The Idlograms of dry matter of this ration fed to each of the cows 
during the preliminary treatment are the following: Cow 886, 3.782; 
cow 885 (experiment 221D), 3.851; cow 885 (experiment 221E), 
3.448; cow 874, 4.003; and cow 887, 3.627. 

In view of the differences in the length of these fasting experi¬ 
ments, from 3 to 83^ days, it is obvious that the results are not per¬ 
fectly comparable. However, the agreement of the results, shows 
that in spite of the differences in length of fasts, the heat production 
was in no case very different from that in any other. 

The live weights as observed in the fasting periods comprise the 
second column of Table 1, but inasmuch as the heat production 
varies more nearly with the surface area than with the live weight it 
is necessary to compute the body surface for each cow in each period. 
This computation is outlined in the next four columns of figures in 
Table 1. The thud column gives the observed live weights in the 
maintenance periods. The fourth column gives the empty live 
weights in the maintenance periods, these weights having been com¬ 
puted from the live weights, as observed, by the use of the factor 0.9 
taken from the work of Trowbridge, Moulton, and Haigh (8). The 
empty live weights, fasting, (fifth column) were computed by sub¬ 
tracting from the weights in the fourth column the computed loss of 
tissue during fast. The body surface (sixth column) was com¬ 
puted from the figures in the fourth column by the use of Moulton’s 
formula, 0.1186 (7). The writers are fully conscious of the 

considerable measure of assumption involved in this computation 
of the surface area of their experimental subjects, but are unable to 
do better at this time. 

The seventh, eighth, ninth, and tenth columns set forth the heat 
production, on various bases. The seventh column is the heat 
production as observed, by direct calorimetry. In the eighth 
column this heat production is computed to the standard day, as to 
standing and lying, by the method of Fries and Kriss (5). The 
ninth column is the heat production per square meter of body surface 
In the tenth column the heat production is related to the live weight. 

In the eleventh and twelfth columns are set forth the latent heat of 
water vapor as per cent of the total heat production, and the tem¬ 
perature of the chamber of the calorimeter, these data being recorded 
on account of the possibility of their being of interest in relation to 
the critical temperature. 

The most significant data presented here are those in the ninth 
column, representing the heat production in Calories per square 
meter of body surface. In studying these figures it is necessary to 
keep in mind the fact that in four of the five fasting periods the sub¬ 
jects were different individuals, and that the two fasting experiments 
with cow 885 were separated by an interval of about a year; also it 
should be understood that the data for heat production cover not 
only the basal metabolism, but, in addition, the normal activity of 
the cows, as when confined to a stall. 

k 
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With both cows 886 and 885 the heat production on the third day 
of fast was less than on the second; and with cow 885 the heat pro¬ 
duction on the third day was essentially the same as on the fifth and 
sixth days. 

With cows 874 and 887 the heat production on days to 73^2 
and 7 to 834 of fast was higher than that of cows 886 and 885 at 
any time. Presumably this higher production was due not to the 
greater duration of the fast but to individuality. 

While these results are obviously promising, the writers refrain 
from drawing conclusions until they can be considered together with 
later data of similar character which will soon be available. 
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TOXICITY OF DIPYRIDYLS AND CERTAIN OTHER OR¬ 
GANIC COMPOUNDS AS CONTACT INSECTICIDES^ 


By Charles H. Richardson, Entomologist, Fruit-Insect Investigations, Bureau of 
Entomology, and C. R. Smith, Associate Chemist, Insecticide and Fungicide 
Laboratory, Miscellaneous Division, Bureau of Chemistry, United States Depart¬ 
ment of Agriculture 

INTRODUCTION 

Although the structural formula of nicotine has long been estab¬ 
lished, there is little prospect of an early accomplishment of the 
technical synthesis of this compound. However, compounds related 
to nicotine in structure may possess valuable insecticidal properties, 
so it was decided to prepare and test a number of these related com¬ 
pounds to determine their value as insecticides. As pyridine forms 
an essential part of the nicotine molecule it was selected as a starting 
point. A previous publication discussed the toxicity of some pyri¬ 
dine derivatives (S) ^ and referred briefly to the compounds which 
form the subject of the present investigation. It was found in these 
experiments that impure yy dipyridyl was much more toxic than the 
purified substance, and it was later shown that these impurities con¬ 
sisted principally of isomeric dipyridyls. It is the purpose of this 
paper to report on the toxic value of these dipyridyls as contact 
insecticides. In addition, the toxicities of some other organic com¬ 
pounds used during the course of this work will be discussed. 

THE CHEMICAL RELATIONSHIPS OF THE DIPYRIDYLS 


In order to imderstand the chemical structure and properties of 
the dipyridyls, it is necessary first to consider pyridine, the compound 
from which they are derived. A number of drugs, including coniine, 
atropine, and cocaine, are derivatives of pyridine, and as a constituent 
of the nicotine molecule pyridine has more than the usual interest to 
the entomologist. Essentially, it is benzene with one of the CH 
groups replaced by nitrogen, and may be represented by the following 
graphic formula: 



Pyridine differs from benzene in being distinctly basic and highly 
soluble in water, but resembles benzene in its great stability and in 
the unsaturated condition of its carbon atoms. Its toxic action as a 
contact insecticide seems to be low (8). 

Under appropriate conditions, pyridine reacts with certain com¬ 
pounds to form substitution products in which the substituted atom 
or group displaces a hydrogen atom from pyridine and becomes 

» Received for publication March ii, 1926; issued October, 1926. 
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attached to the pyridine ring. There are five carbon atoms in the 
pyridine ring which may be involved in this way; and their positions 
are generally designated as alpha (a), beta (/?), gamma ( 7 ), alpha' 
(a'), and beta' (i3') according to the following scheme: 



N 


The dipyridyls are derivatives of pyridine composed of two pyri¬ 
dine molecules linked together with the elimination of one atom of 
hydrogen from each molecule. When metallic sodium reacts with 
pyridine at room temperature, a blue compound, sodium dipyridine, 
is formed U)- Sodium dipyridine (C 5 H 5 N) 2 Na has two pyridine 
molecules linked together and one sodium atom attached to the 
nitrogen atom of one of the pyridine rings. 

Oxidation of sodium dipyridine with moist air results in the forma¬ 
tion of 77 dipyridyl, the sodium atom and two hydrogen atoms being 
removed. Careful regulation of the temperature during the pre¬ 
liminary sodium-pyridine digestion, followed by oxidation (with 
dry air or oxygen) of the sodium dipyridines thus formed, leads to the 
production of an oil which contains chiefiy aa, 187 , and 77 dipy¬ 
ridyls. This crude dipyridyl oil, from which most of the 77 dipyridyl 
was removed, was used in the experiments described below. The 
other dipyridyls, the ap and ay compounds, are also known and have 
been detected in the crude oil. 

This completes the list of possible isomers in this series of com¬ 
pounds, py dipyridyl being discovered and made available for the 
first time as a result of the chemical studies of these compounds ( 4 ). 
They may be represented by the following formulae; the formula of 
nicotine is added for comparison. 


0-0 0-0 

N N N N 


act dipyridyl yS/? dipyridyl 


0 

I 

0 

N 

yy dipyridyl 



N 

dipyridyl 



ay dipyridyl 




0-ov oV' 

N _ N CH, 

py dipyridyl Nicotine 
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The constants and properties of the isomeric dipyridyls are given 
in Table I (4): 

Table I. — Constants and properties of the isomeric dipyridyls 


Compound 

Melting 

point 

Boiling 

point 

Melting 
point 
of pic- 
rate 

Solubility in water 

a a dipyridyl. 

°C. 

69.5 

272.5 

155 

Only slightly soluble. 

Insoluble. 

dipyridyl.. 

Liquid. 

68 

287-289 

149.5 

/3|8 dipyridvl.. 

296 

232 

Soluble in all proportions. 

Soluble in hot water. 

77 dipyridVl. 

114 

305 

213 

$y dipyridyl.. 

61 

297 

215 

Very soluble in cold water, slightly soluble in hot 
water. 

Insoluble. 

ay dipyridyl. .. 

Liquid. 

280-282 

208 



The dipyridyls are solids or liquids at the ordinary temperatures. 
They have relatively high boiling points, and exhibit marked differ¬ 
ences in their solubilities in water. 

These compounds are basic but much weaker in this respect than 
pyridine. The a a and dipyridyls are slightly volatile when a 
current of steam is passed through them solutions, but the other 
isomers obtained in this investigation are practically nonvolatile 
under these conditions. 

There are certain similarities between nicotine and I3l3 dipyridyl 
that hould be emphasized at this point. Indeed, the similarity 
between this series of compounds and nicotine is sufficiently marked 
to have led chemists at one time to consider nicotine as a derivative 
of a dipyridyl (f). Nicotine is a jS pyridyl-n-niethylpyrrolidine; 
it consists therefore of a pyridine ring with a molecule of normal 
methylpyrrolidine attached at its position. It resembles jdi3 dipyri¬ 
dyl furtlaer in its solubility in water, but is a much stronger base, 
has a considerably lower boiling point (247° C.), and is much more 
volatile in steam, fiy dipyridyl also resembles nicotine in regard 
to the linkage through the /3 position of a pyridine ring and in its 
solubility relationships. 

PRELIMINARY EXPERIMENTS ON THE TOXICITY OP CRUDE 

DIPYRIDYL OIL 

Studies on the toxicity of the dipyridyls as contact insecticides 
were begun in August, 1920. The first indication of toxic action 
appeared when a crude mixture, the result of an attempt to produce 
77 dipyridyl, was found to be highly toxic to the bean aphis (Aphis 
rumicis h.) at a concentration of 1 per cent of the mixture.^ 
Experiments soon demonstrated that purified 77 dipyridyl was only 
slightly toxic, if at all, and that the mother liquor separated from it 
was even more poisonous to insects than the original mixture. These 
experiments were made with samples obtained from pure pyridine 
which had a boiling point of 115° C. An oily mixture resulting from 
the action of sodium upon the homologs of pyridine (boiling point 
from 140° to 150° C.) yielded an ether-soluble hnd water-soluble 
fraction, each of which was considerably less toxic than the crude 
oil from pyridine. An oil similarly derived from crude alpha picoline 


3 All percentages which refer to concentrations of solutions or mixtures axe to be understood as grams 
dissolved or emulsified in 100 c. c. of the solution or emulsion, respectively. 
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also proved to be less poisonous than that from pyridine. From these 
experiments it seemed probable that a highly toxic compound or 
group of compounds existed in the oil derived from pyridine, but 
that the compounds derived from the higher pyridine bases by this 
reaction were much less toxic. 

METHODS OF APPLICATION OF CRUDE DIPYRIDYL OIL 

After a large number of preliminary experiments, a crude dipyridyJ 
oil known to contain a variable mixture of a a, j^jS, and dipyridyJs 
was prepared for the toxicity experiments. It was dark brown in 
color and contained a small quantity of an insoluble tarry substance^ 
besides traces of other dipyridyls and unchanged pyridine. It was 
partially soluble in water, and had a specific gravity of about 1.12 
at 30^ C. 

Mixtures^ were prepared to contain a known weight of the dipyridyl 
oil in a volume of 100 c. c. Usually 0.3 per cent (moisture-free basis) 
of sodium-base fish-oil soap, prepared according to Quaintance and 
Siegler (2), was added to increase the wetting and spreading of the 
solution. 

The solutions were applied to the insects in two ways—by spraying 
and by submergence of the insects in them. In the spraying experi¬ 
ments the solutions of crude dipyridyl oil were applied with a small 
hand atomizer, special care being taken to cover all surfaces of the 
plant with the liquid. To obtain the approximate toxic concentra¬ 
tion, it was sufficient to spray potted plants or portions of plants 
infested with aphids with a graded series of concentrations; the plants 
were kept fresh in a bottle which contained water. For more ac¬ 
curate results, a portion of an infested plant was placed in a bottle 
containing water, the opening was closed with cotton, and the bottle 
placed on a piece of paper. A barrier of adhesive material about 
the edges of the paper prevented the escape of the aphids. Eighteen 
or 24 hours after spraying the insects were counted and the percentage 
of dead determined. 

A somewhat different procedure was followed in the submergence 
experiments. In these the insects were placed in a small dish, the 
solution to be tested was poured over them, and the dish was rotated 
gently for 1 minute, the purpose of this movement of the dish being 
to keep the insects in intimate contact with the solution. Then the 
solution was quickly decanted, and the insects were placed on dry 
filter paper to remove the surplus liquid. Afterwards they were 
placed in large beakers covered with muslin and supplied with food. 
The percentage of dead insects was determined within 18 to 24 hours 
after submergence. 

INSECTS USED IN THE EXPERIMENTS 

Six species of aphids, the adults of 1 species and the larvae of 2 
species of Coleoptera, and the larvae of 2 species of Lepidoptera, 
were used in these experiments, as follows: The bean aphis {Aphis 
rumicis Aj,) on dwarf nasturtium {Tropaeolum majus), the spinach 
aphis {Myzus persicae Sulz.) on cabbage, the pea aphis {lUinoia pisi 
Kalt.) on garden peas, the turnip aphis {Rhopcdosiphum pseudo- 
brassicae Davis) on turnips, the rosy aphis (Anuraphis roseus Baker) 
on apple, the apple aphis {Aphis pomi De Geer) on apple; and larvae 

^ All mixtures of crude dipyridyl oil and soap contained the oil partly in solution and partly emulsified 



Oct. 1, 1926 


Toxicity of Dipyridyls as Contact Insecticides 


601 


and adults of the Colorado potato beetle (JLeptinotavsa decenfiLineata 
Say), larvae of the three-lined potato beetle {Lema trilineata Oliv ) 
larvae of the Mediterranean flour moth (Ephestia luehniella Zell.)' 
and larvae of the silkworm {Bomhyx mori L.). ' 

SPRAYING EXPERIMENTS WITH APHIDS 

Nasturtium plants infested with Aphis Tumicis were sprayed with 
cpde dipyridyl oil and nicotine. Figure 1 illustrates the compara¬ 
tive toxicity of the two compounds to this insect. 

The points in Figure 1 represent actual experiments; the curves 
follow the mean values. 

The curve for dipyridyl oil is derived from the following data: 


Per cent concentration * 

0. 02_ 

. 03_ 

. 04_ 

. 05... 

Number of experiments 

- 10_ 

_ 4..... 

- 10___ 

_ 4-__ 

Number of aphids 

—. 1,380 

542 
... 1,459 

350 

. 06. ... 

.. 4___ 

... 396 

.08_ 

- 1..... 

Ill 

. 10. 

. 1___ 

... 105 

. 11.. 

1... 

... 128 

The curve for nicotine 

is based on the following: 


Per cent concentration 

Number of experiments 

Number of aphids 

0. 005.. 

..- 2-.... 

.... 296 

. 006... 

_ 2_ 

420 

. 007... 

-. 2... 

329 

. 009.... 

_ 2...... 

.... 317 


The asterisks in Figure 1 represent experiments in which the 
number of aphids killed was estimated. When the toxicity is high 
it is possible to make very close estimates of the percentage killed. 
Of course, when all the insects are killed the estimate is as exact as 
an actual count. 

0.3 per cent sodium-base fish-oil soap was added to all the solutions 
used in these experiments. 



C^A/C^Z/rMT/OA/'GRAMS R£R WOc.c. 

Fig. 1 .—Comparison of the toxicity of crade dipyridyl oil and nicotine to rumim m nastur¬ 

tium plant (spraying experiments) 
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Crude dipyridjd oil killed more than 95 per cent of the aphids on 
nasturtium plants, at approximately 0.05 per cent concentration; 
and nicotine was equally toxic at about 0.007 per cent concentration. 
Tattersfield and Morris in a recent paper (5) give toxicity figures 
for nicotine which indicate an equivalent toxicity to Aphis rumicis 
with concentrations of 0.08 to 0.1 per cent, or about 12 to 14 times 
higher than the value given above. Aside from differences in the 
methods of application and the spreader used, those workers em¬ 
ployed only the adult apterous agamic females in their experiments. 
All the work on A. rumicis mentioned above was done on adults and 
young of various ages as they occurred naturally on the nasturtium 
plants. 

A number of spraying experiments were mad^ on Myzus persicae 
which infested young cabbage plants. Crude dipyridyl oil at a 
concentration of 0.05 per cent gave 100, 98.4, and 95+ per cent 
mortality, respectively, in three trials, but at a concentration of 
0.01 per cent many hving aphids remained on the plants. The 
concentration necessary to kill 95 per cent or more of these aphids 
would therefore appear to lie close to 0.05 per cent. In a preliminary 
series of experiments the toxic concentration for nicotine lay between 
0.007 and 0.01 per cent. Unless otherwise stated, 0.3 per cent 
sodium fish-oil soap was used in all solutions and mixtures. Its 
toxicity to Aphis rumicis has previously been given (S, p^ 8). 

Six spraying tests with crude dipyridyl oil involving 883 individuals 
of Ulinoia pisi were made with the following results: In two tests at 
0.05 per cent concentration, 86.5 and 91.7 per cent mortality; in two 
tests at 0.1 per cent, 97 and 100 per cent mortality; and in two tests 
at 0.69 per cent, 100 per cent mortality. Soap was added to these 
solutions as indicated above. 

Turnip plants infested with 200 to 800 individuals pf Rhopalosiphum 
pseudohrassicae were sprayed with crude dipyridyl oil and nicotine. 
In the nine tests the dilutions ranged from 0.05 to 1.1 per cent; the 
fish-oil soap concentrations were 0.1 and 0.3 per cent. Twenty-five 
one-hundredths per cent of the dipyridyl oil killed 95 per cent or 
more of the aphids. Under similar conditions nicotine required a 
concentration of about 0.05 per cent (seven experiments). 

A series of nine experiments was made with the rosy aphis {Anura- 
phis roseus Baker) on apple twigs. The soap concentrations used 
were 0.6, 0.3, and 0.1 per cent. Since this aphid showed a rather 
high susceptibility to fish-oil soap solutions, 0.1 per cent soap was 
employed in most of the sprays. The concentrations of dipyridyl oil 
ranged from 0.05 to 0.2 per cent, the latter giving approximately a 
95 per cent mortality. Two comparative tests were made with a 
commercial nicotine sulphate solution containing 0.05 per cent nico¬ 
tine and 0.3 per cent fish-oil soap. In these tests 87 and 100 per 
cent of the aphids were killed. This dosage is close to the field 
recommendation of % pint of nicotine sulphate containing 40 per cent 
nicotine in 100 gallons of water (i. e., 0.0375 per cent nicotine) 

Portions of a small Siberian crab apple tree infested with Aphis 
pomi De Geer were sprayed with 0.2 per cent crude dipyridyl oil 
mixture containing 0.1 or 0.6 per cent fish-oil soap. One hundred 
per cent of the aphids were killed in the two tests. No experiments 
with nicotine were made; the field recommendation of nicotine 
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sulphate generally given for this aphid, however, is equivalent to 
0.0375 per cent nicotine in a solution containing from about 0.3 to 
0.5 per cent of moisture-free soap. 

SUBMERGENCE TESTS WITH OTHER INSECTS 

Larvae of the Colorado potato beetle were submerged in solutions 
of crude dipyridyl oil and nicotine, with results that are shown 
graphically in Figure 2. The submergence time in these experiments 
was one minute. 

Each point on Figure 2 is the result of a single experiment in¬ 
volving 25 larvae. The curves follow the mean values. Fifty 
larvae were used in the tests with 3.4 per cent nicotine, and 75 larvae 
with 1.1 per cent dipyridyl oil. All other concentrations involved 



Fio, 2.—Comparison of the toxicity of crude dipyridyl oil and nicotine to larvae of Leptinotarsa 
decemlineata (submergence experiments) 

100 larvae each. The weight of the larvae ranged from 2.6 to 4.9 
gm. per lot of 25 individuals. 

All solutions contained 0.3 per cent of sodium fish-oil soap. Five 
lots of 25 larvae each submerged in 0.3 per cent soap solution for 
one minute were unharmed. 

At all concentrations, except possibly the lowest, dipyridyl oil 
was more toxic than nicotine. The solutions of nicotine which con¬ 
tained 3.4 per cent or more of nicotine paralyzed the larvae to such 
an extent that they always failed to recover, although in some cases 
they were alive 48 hours after treatment. 

A few tests with adults of the Colorado potato beetle indica^ that 
this stage of the insect is more susceptible to submergence in nicotine 
solutions than in crude dipj^ridyl oil mixtures. Two tests with 1 and 
1.1 per cent nicotine solutions gave 100 per cent mortality (29 beetles). 
Three tests with 2, 2.5, and 2.6 per cent dipyridyl oil mixtures gave 
100, 100, and 93.3 per cent mortality, respectively (37 beetles), 
whereas tests with 0.97 and 1.3 per cent solutions of dipyridyl oil 
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gave 80 and 28.6 per cent mortality, respectively (26 beetles). The 
0.3 per cent soap concentration used in these experiments resulted 
in a mortality of 9.2 per cent (65 beetles). These experiments, 
while probably inadequate to establish the approximate toxicity, 
appear to indicate a higher value for nicotine than for dipyridyi oil. 

When larvae of Lema trilineata were submerged in solutions of 
crude dipyridyi oil and nicotine under comparable conditions rather 
striking differences were observed, as Figure 3 shows. 

The submergence time in these experiments was 1 minute. Each 
point in Figure 3 represents an experiment; the curves follow the 
mean values. Five hundred and eighty larvae of all sizes were used 
in 17 dipyridyi oil experiments, or from 22 to 45 larvae in each (aver¬ 
age 34.1 per experiment). Seven himdred and forty-three larvae of 
all sizes were used in 23 nicotine experiments, or 16 to 40 larvae in 
each (average 32.3 per experiment). For all concentrations of nico¬ 
tine above 2.7 per cent, commercial nicotine sulphate solution was 



Fig. 3.—Comparison of the toxicity of crude dipyridyi oil and nicotine to larvae of Lema tnlineata 
(submergence experiments) 


used. It was diluted to contain nicotine, equivalent by weight to 
the percentage designated in Figure 3. 

All solutions contained 0.3 per cent sodium fish-oil soap. In four 
experiments with a total of 118 larvae of all sizes the mortality pro¬ 
duced by 0.3 per cent soap was 2.5 per cent. 

The curve for dipyridyi oil is abrupt, the percentage of larvae 
killed rising to 97.4 at a concentration of 2.5 per cent of this mixture. 
The curve for nicotine rises more gradually and irregularly, and the 
unusually high concentration of 25 per cent is reached before more 
than 95 per cent of the larvae are killed. Many of the larvae treated 
with 4 and 5 per cent solutions of nicotine fed actively on potato 
foliage after treatment, whereas mixtures of dipyridyi oil of the same 
concentrations killed or incapacitated all the larvae treated. 

Larvae of Ephestia Tcuehniella were submerged in mixtures of crude 
dipyridyi oil. Comparable tests were made with nicotine solutions 
also. The results of these experiments are shown graphically in 
Figure 4. 

The submergence time in these experiments was 1 minute. 
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Each point in Figure 4 represents a single experiment; the curves 
follow the mean values. The dipyridyl oil experiments involved a 
total of 332 larvae 7 to 13 mm. in length; 24 to 36 larvae (average 
27.7) were used in the individual experiments. For the nicotine 
experiments, 308 larvae 8 to 13 mm. in length were used, or 31 to 37 
(average 34.2) in the individual experiments, idl solutions con¬ 
tained 0.3 per cent sodium fish-oil soap. Experiments with this 
soap solution on 173 larvae gave the low toxicity of 2.9 per cent. 

Under the conditions which prevailed in these experiments, dipyr¬ 
idyl oil was more toxic at all concentrations than nicotine. The 
highest (3.4 per cent) killed 93.3 per cent of the larvae, as compared 
with only 54.4 per cent for a 5 per cent solution of nicotine. 

Larvae of the silkworm {Bomiyx mori) were also used in sub¬ 
mergence tests to ascertain the relative toxicity of crude dipyridyl 



Fig. 4.—Comparison of the toxicity of crude dipyridyl oil and nicotine to larvae of Ephestia 
kuehniella (submergence experiments) 

oil and nicotine. In 1923 the approximate toxic concentration was 
determined for both of these compounds by the treatment of small 
numbers of larvae with successive dilutions. Then 85 larvae 25 to 
50 mm. in length were divided into four lots and submerged in a 1.5 
per cent mixture of crude dipyridyl oil. From the four experiments 
an average kill of 97.6 per cent was obtained. In 1924, 100 larvae 
30 to 40 mm. in length were treated in four lots of 25 larvae each 
with a solution of the same strength. The result was a mortality of 
96 per cent, in close agreement with the previous determination. 
Under identical conditions nicotine was more toxic. Thirty-two 
larvae 25 to 50 mm. in length were used in four tests in 1923, a 0.01 
per cent solution killing 96.9 per cent of the larvae. In 1924, of 100 
larvae 35 to 50 mm. in length 95 per cent were killed by the same 
concentration. Some of the larvae of the 1924 experiments, however, 
probably were diseased, for of 103 control larvae treated with the 
0.3 per cent soap solution 19.4 per cent died. Of the 31 control 
larvae in the earlier experiments (1923) 6.4 per cent were killed or 
died, of disease. 
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In spite of the small number of larvae available for these experi¬ 
ments the results indicate, it is believed, a significant difference in 
toxicity in favor of nicotine. 

The submergence tests show that the larvae of Leptinotarsa 
decemlineatay Lema trilineatay and EpJiestia Tcuehniella are more 
susceptible to crude dipyridyl oil than to nicotine, but the reverse 
is true of adults of Z. deeemlineaia and silkworm larvae. In view 
of these results, it seems possible that crude dipyridyl oil may prove 
to be more effective than nicotine for the practical control of some 
injurious insects. 


EFFECT OF SPRAYS ON PLANTS 

Sprays containing crude dipyridyl oil have been tested on a variety 
of plants, under both greenhouse and outside conditions. Nas¬ 
turtium plants growing in the greenhouse in February and November, 
1923, tolerated 0.1 per cent mixtures of crude dipyridyl oil, a con¬ 
centration which lies well beyond the minimum toxic concentration 
(0.05 per cent) for ApTii^ rumicis. At 0.25 per cent concentration 
the injury to this plant was not severe. Cabbage plants in the 
greenhouse in April were not injured by mixtures containing 0.05 
per cent; higher concentrations were not tried. One-tenth per cent 
mixtm’es burned slightly the tips of the fronds of Boston fern, 
whereas 0.04 per cent mixtures had a very slight effect or none on 
the young growth (February). Apple foliage and Coreopsis plants 
growing outdoors were not injured by 0.2 per cent mixtures of 
dipyridyl oil, and the young growing shoots of rose were unharmed 
by b.25 per cent mixtures. All of the above mixtures contained 0.3 
per cent sodium fish-oil soap as a spreader. 

In every case in which aphid-infested foliage was sprayed, it was 
possible to kill the aphids without injury to the foliage. 

INSECTICIDAL PROPERTIES OF THE CONSTITUENTS OF CRUDE 

DIPYRIDYL OIL 

As stated above, the crude dipyridyl oil used in this investigation 
consisted largely of 3 isomers, cea, /3|8, and jSy dipyridyl, with small 
quantities of other dipyridyls and other substances. It has already 
been shown that 77 dipyridyl has little toxic effect on Aphis rumicis 
is, p. 4 ). 

In order to study the insecticidal properties of the constituents of 
the crude oil, a number of preparations were made. Samples of 
aoiy and fiy dipyridyl were obtained which gave constant melting 
points and were unquestionably of high purity. They were made 
up in mixtures containing fish-oil soap to compare with the other 
mixtures used in this investigation. Their toxicities to Aphis 
rumicis when applied as sprays are compared in Figure 5. 

The experiments were made in groups of three for each concen¬ 
tration. In the a a dipyridyl experiments from 707 to 2,249 aphids 
were used for each concentration; in the i 87 dipyridyl experiments, 
818 to 1,097 aphids; in the dipyridyl experiments, 851 to 1,103 
aphids, except for the 0.05 and 0.1 per cent concentrations, where 
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349 and 206 aphids, respectively, were used. Each point in Figure 5 
is an actual experiment; the curves follow the mean values of each 
group of experiments. 

At the higher concentrations a a dipyridyl appears to be a little 
more toxic than /37 dipyridyl, a 0.6 per cent mixture of the former 
corresponding in toxicity with a 0.75 per cent mixture of the latter. 
The effect upon nasturtium foliage (under greenhouse conditions) is 
also different; 0.5 per cent mixtures of a a dipyridyl applied in Sep¬ 
tember and October caused only slight injury, whereas the same 
concentrations of dipyridyl applied in October caused severe 
injury. The tolerance of nasturium plants for dipyridyl was 
reached at approximately 0.1 per cent concentration. 

The sample of jSjS dipyridyl used in these experiments was synthe¬ 
sized from pseudophenanthroline by oxidation with potassium per¬ 
manganate. As indicated in Figure 5, it proved to be less toxic than 
either aa or dipyridyl, a 1 per cent solution killing only 93.8 per 



Fig, 5.—Comparison of the toxicity of a a dipyridyl, ?y dipyridyl, and jS/S dipyridyl to Aphh 
rumicis (spraying experiments) 


cent of Aphis rumicis in these tests. The tolerance of nasturtium 
plants for this compound in the greenhouse duiing August was of 
about the same order as that noted for ^y dipyridyl. 

The preparation of pure a/3 and aT dipyridyls is under investiga¬ 
tion at the present time. An impure sample of a/S dipyridyl pre¬ 
pared from phenanthroline was much less toxic than crude dipyridyl 
oil. 

From the above experiments it appears that the toxicity of crude 
dipyridyl oil is not dependent so much upon aa, /3/3, and ^y dipyridyls 
as upon a compound or compounds present in the water-soluble 
fractions. This compound must have high toxicity to aphids, be¬ 
cause several preparations which were unquestionably impure have 
killed about 90 to 95 per cent of Aphis rumicis at concentrations 
lying between 0.05 and 0.01 per cent, a close approximation to the 
toxicity of nicotine for this aphid. Work is bging continued with 
the hope of isolating and identifying this compound. 


A 
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INSECTICIDAL PROPERTIES OF OTHER COMPOUNDS 

A number of other compounds were tested in the course of this 
investigation, and are included in Table 2 . 


Table 2 . —Spraying experiments against Aphis rumicis on nasturtium plants 


Compound 

Concentrations tested, 
grams per 100 c. c.“ 

Concen¬ 
trations 
necessary 
to kill 95 
per cent 
or more 
of the 
aphids 

Concen¬ 

trations 

tolerated 

by 

nastur¬ 

tium 

plants 

Allyl alcohol. 

1,2 

>2 

20 

>0.15 

>1 

1 

>5 

>5 

2 

6 

1.7 

>15 

7 

>4.9 

>2 

>2 

5 

<2 

>1<5 

>0.15 

<0.5 

<0.25 

>5 

<1 

±0.25 

>1<5 

<0.29 

±7.5 

<1 

<4.9 

0.5-1 

>2 

1.2 

Anisole b.... 

1,5 10,20 

Betahydroxypyridine. 

0.15. 

Betathionaphthol (commercial). 

0.5,elc__ 

Carvacrol. 

0 . 2E, 0 .5, 1 , 2 

Chloramine T. 

1,5. 

C hlorocyclohexane... 

1,5 

Citral (technical)... 

0.25,0- 5,1,2 

Dimethylaniline... 

1,5 fi 

Isonieotine... 

0.29,0.69,i,i. 5,1.7,... 
7.5,15 

Methyley elohexane... 

Paracymene... 

1,5 7 

Pyridinebetasulphonic acid... 

4.9 

Pyrrolidone. 

0.1,0.5,1,2 

Trioxymethylone. 

0.5,1,2 

Urethane. 

1.2,2.5,5 




® 0.3 per cent sodium fish-oil soap used as a spreader. 

Tattersfield, Gimingham, and Morris {6, p. m) have found that anisole has little toxicity for Aphis 
Tumicts at a concentration of 5 per cent. 

< With suflScient NH 4 OH to render it soluble. 

Several of these are of special interest because of certain similarities 
to the dipyridyls or nicotine. Betahydroxypyridine and pyridino- 
betasulphonic acid, like nicotine, have the substituted group at¬ 
tached at the ^ carbon. Neither of these compounds, however, 
showed striking toxicity; like other sulphonic acids ( 5 , p. 6), pyridine- 
betasulphonic acid \yas relatively nontoxic. Isonicotine resemblas 
77 dipyridyl in that it is formed by the linkage of two pyridine rings 
through the 7 positions. It differs structurafly from this compound 
in that one ring is hydrogenated to form a piperidine grouping. 
Although more toxic than piperidine {3, p, 4)j it is still much less so 
than crude dipyridyl oil. None of the other compounds showed 
striking toxicity. 

SUMMARY 

A crude oil containing several isomeric dipyridyls and other sub¬ 
stances has been prepared from pyridine and sodium. The physical 
properties and chemical relationships of the dipyridyls are discussed 
and their similarities to pyridine and nicotine pointed out. 

. spraying experiments with six species of aphids, this crude dipy¬ 
ridyl oil was found to be highly toxic, but was surpassed in this respect 
by nicotine. 

In submergence experiments, the crude oil was more toxic than 
nicotine to the larvae of two species of Coleoptera and one species of 
Lepidoptera, and le^ toxic than nicotine to the adult of one species of 
Coleoptera and to silkworm larvae. 
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Crude dip3^ridyl oil, in the present experiments, was not injurious 
to plants infested wdth aphids at concentrations sufficient to kill 
the aphids. 

a a, i!?7, and 77 dipyridyls, which occur in the crude dipjrridyl 
oil used in these tests, were not so toxic to Aphis rumicis as the crude 
oil itself; 77 dipyridyl is much less toxic than the other three 
compounds. 

Several preparations from the crude oil proved to be highly toxic to 
Aphis rumicis on nasturtium plants. Although unquestionably 
impure, they approached closely the toxicity of nicotine for this aphid. 
Work is being continued on these preparations. 

The toxicities of 16 other organic compounds tested during this 
investigation are given also (Table 2). Several of these are related 
to the dipyridyls or to nicotine. As compared with dipyrid^d oil, 
they showed no appreciable toxicity. 

Crude dipyridyl oil was more toxic than nicotine to certain insects 
used in this investigation, and it is possible that it may also prove 
more effective for the practical control of some injurious insects. 
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AGE CLASSES OP WESTERN WHITE PINE PLANTING 
STOCK IN RELATION TO ASPECT OF PLANTING SITE 
IN NORTHERN IDAHO * 

By W. G. Wahlenberg 

Assistant Silviculturist, Northern Rocky Mountain Forest Experimeiii Station, 
Forest Service, United States Department of Agriculture 

INTRODUCTION 

In the northern Kocky Mountain region there are vast areas of 
forest land denuded by fire, which will remain virtually unproductive 
for generations to come unless planted by hand with nursery-grown 
trees. After the first sweep of fire through the original stands of 
western white pine timber {Pinus monticola) on these lands, the 
forest in most instances started to come back naturally, but before 
recovery was complete fire came again and this time swept away all 
the small new trees and all sources of seed for future growth. Forest 
planting is the only practical means of making such land productive. 

Because of the vast amount of forest planting to be done in this 
region, it is desirable that research point out the means by which it 
can be undertaken at smallest cost and with, the best possible results 
in thrifty young trees. This paper is an account of a few experi¬ 
ments to that end, other studies with a bearing on survival of planta¬ 
tions being still under way.^ 

Tw’-o very important factors in forest planting are the aspect ® or 
exposure of slopes used for planting and the class of stock employed, 
for these are factors which both singly and in combination have a 
definite effect on survival of the trees. In the experiments re¬ 
ported herein five classes of stock representing three different ages 
of trees were tested on each of four slopes. The exposure of the 
slopes w^'as determined in each instance by averaging the compass 
readings on the plots of each series. The slope classed as northeast 
had no deviation from this direction and the northwest, east, and 
west did not vary greatly, the first being 14° north of due northwest 
and the last two 8° north of east and 2° south of w^est, respectively. 

The topography was such that the four aspects studied could be 
found close together, each with a gradient of 25° to 30° and at prac¬ 
tically the same elevation, 3,350 to 3,700 feet. It is essential in work 
of this kind to arrange test plots so as to minimize irregularities in 
uncontrolled influences, such as differences in the competing vegeta¬ 
tion, variation in the direction of slope, and changes in the quality 
of soil within plots and between plots. I'he soil, for instance, is often 
deeper and more favorable for plant life near the base of a slope than 
higher up. In these experiments the plots on each slope ran parallel 
to each other up and down the slope, each containing 600 trees of a 
certain age class set in 8 row's. Because of the uniformity of the 


T Received for publication Apr. 1,1926; issued October, 1926. 

2 The experiments on which this report is largely based were started by E. C. Rogers near Wallace, 
Idaho. 

3 “Aspect,” as used by foresters, denotes the direction toward which a slope faces. 
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sites as a whole and the narrowness of the plots used, there is every 
reason for confidence in the results obtained. 

The slit method of planting W'as used. This method is rapid and 
requires but one man for the entire operation, the soil being worked 
with a short-handled mattock and the seedlings planted with the 
free hand. 

The crew for the experimental plantings consisted of a foreman, 
eight planters, and a packer. Each planter set out one row of trees 
in each plot, so that the method of planting might be considered 
uniform. To make later observations and records easier, each plant 
was marked with a serial number on a white-tipped stake. 

The planting ’was done in the spring of 1915 with age classes of 
nursery stock designated as 2 - 2 , 1 - 2 , 2 - 1 , 2 - 0 , and 1 - 1 .*^ At the end 
of the dry period in the fall of 1915, 1916, and 1917, all plants were 
examined, the surviving plants were counted, and the current stem- 
height growth of 200 plants in each plot was measured to the nearest 
tenth of an inch. The measured plants were chosen from all parts 
of the plot, upper as well as lower ends, the selection of 25 plants 
from each row insuring an equal representation of the work of each 
planter. As nearly as possible, the same plants were measured each 
year. Changes in the list of trees measured the first year were made 
only where necessary in order to confine the observations on growth 
to normal, uninjured plants. This was done because mechanical 
injury bears no obvious relation to the age class of the trees or to the 
exposure of the planting site. 

SURVIVAL BY AGE CLASSES 

A study of the percentage of planted trees surviving through three 
seasons, as given in Table 1 , makes apparent certain relationships. 


Table 1. —Survival percentages of western white pine planting stock hy age classes, 

aspects, and seasons “ 


Age class 

Northwest 

Northeast 

East 

West 

Average 

1 

1915 

1916 

1917 

1915 

1916 

1917 

1915 

1916 

1917 

1915 

1916 

1917 

1915 

1916 

1917 

2-2 . 

100,0 

99.4 

99.1 

98.-7 

98.6 

97.6 

99.2 

98.3 

98.2 

97.3 

93.2' 

87.4 

98.8 

97.4 

1 95.6 

1-2 .-. 

99.5 

98.8 

98.8 

99.8 

98.7 

99.0 

99.4 

98.8 

98.4 

95.9 

92.2 

80.7 

98.7 

97.1 

i 94.2 

2-1 . 

98.4 

96.7 

95.8 

99.0 

97.6 

96.7 

98.4 

96.6 

95.9 

95.0 

87.9 

77.4 

97.7 

94.7 

91.4 

2-0 . 

97.5 

96.3 

94.6 

98.4 

96.0 

91.7 

99.3: 

98.6 

97.5 

91.0 

80.5 

69.4 

96.5 

92.8 

88.3 

1-1... -J 

1 97.6 

95.0 

93.51 

96.1 

90.1 

88.0 

95. ll 

90.8 

88.1 

83.8 

75.4 

63.1 

93.2 

87.8 

83.2 

Average. 

^ 98.6 

97.2 

96.4 

98.4 

96.2 

94.6 

98.3 

96.6 

95.6 

92.6 

85.8 

75.6 

97.0 

93.9 

90.5 


a Trees planted in May, 1915, on the Placer Creek area near Wallace, Idaho. 


It may be seen from the average survival for all aspects that 2-2 
stock was most successful, with 1-2, 2-1, 2-0, and 1-1 following in 
descending order. This order held for the favorable northwest 
aspect, and even more clearly for the west aspect, where survival in 
general was lower. On the slopes facing northeast and east the 2-2 


< As readers familiar with nursery practice will know, this terminology indicates the number of years 
spent by the plant in the seed bed and in the transplant bed. For example, the 2-2 stock remained two 
years in the seed bed and two years in the transplant bed, and was 4 years old at the time of field planting. 
Similarly, 1-2 stock and 2-1 stock were both 3 years old, but the former was transplanted at 1 year of age 
the latter at 2 years. The 2-0 stock was seedlinp 2 years old used in the field without previous transplant 
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stock yielded first place to the 1-2 stock, but only by small margins. 
The 1-1 stock was poorest on all aspects. 

This similarity of the relative survival of age classes for different 
aspects gives added meaning to the figures for average sur\dval as an 
indicator of quality of stock. The intrinsic qualities that enable one 
class of stock to survive better than another have not been definitely 
determined. Differences in survival, however, are thought to arise 
not only from variation in size and vigor as a result of difference in 
age, but also from variation in anatomical proportion resulting from 
different cultural treatment in the nursery. Thus 1-2 and 2-1 stock 
or 2-0 and 1-1 stock, although the same age, differ anatomically 
because of the different times at which they were pruned and trans¬ 
planted in the nursery. The survival of 3-year-old trees was inter¬ 
mediate between the 2-year-old and 4-year-old trees, suggesting a 
general tendency toward higher survival with increased age. This 
tendency is not proved, however, because in this study the influence 
of age can not be separated from that of class of stock. 

Aspect of planting site is as important a factor in survival as is 
class of stock, for reforestation of any area can be successful only 
when growing conditions there meet the requirements of the trees 
planted. Severity of site, as indicated by differences in survival, 
also emphasized the differences attributable to quality of stock. 
The west slope sites were clearly the most severe. The other, more 
moderate sites, were about equally favorable except that mortality 
was slightly less on the northwest slope than on the other two. 

Assuming that all readily avoidable causes of death were elimi¬ 
nated from the tests, the above comparison on the basis of numbers 
of trees surviving gives a conception of relative values of classes of 
stock and aspects of planting site. Such an assumption, however, 
would not be justified in the absence of observations on the causes of 
mortality. For this reason all dead trees were dug out and inspected 
at the annual fall examination. 

For most of the trees no reason for death other than drought could 
be detected, but occasional evidence of other causes was found. Some 
roots had been pruned too short, some trees had bark stripped from 
their roots, and others had scraped stems. These three causes can 
be kept at a minimum by careful handling of trees and the culling out 
of injured individuals. Shallow planting, whether resulting^ from 
roots cut too short or from trees set with their roots in poor positions, 
caused death because the surface layers of soil dried out most rapidly. 
Deep planting may have resulted in poor aeration for roots and may 
have buried part of the tops. Plants set under large fallen logs had 
a poor chance to live. Even after heavy September rains it was 
noticed that the soil in such places was dust-dry and often used by 
grouse for wallows. Still more fatal was the planting in what seemed 
to be fairly deep soil on the root mass of wind-thrown snags. 

The most frequent cause of death listed other than drought was 
sliding soil on steep slopes. This is not to be confused with the rapid 
and much more destructive mass movement of soil, logs, and other 
debris caused by one of the snow slides common in the region, but 
is rather a creeping of soil, small rocks, and other surface litter from 
above the trees downward, usually caused by rain and melting snow. 
The sliding soil has a tendency to fill up the slight depression formed 
10618—26- 2 
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by planting and to bury the trees. Death of trees resulting from 
covering by sliding soil naturally fell heaviest on the youngest and 
shortest-stemmed trees, the 1-1 stock. 

These younger trees seemed also to have been more subject to 
stem injury from tamping. The older trees were probably bruised 
as often, but were better able to withstand the injury. Similarly, 
by far the largest number of dead trees showing evidence of either 
mechanical injury or poor planting were on the west-facing slope. 
Such unfavorable conditions were probably as frequent on other 
aspects, but there greater moisture enabled the trees to live in spite 
of adverse conditions. 

Less than 1 per cent of the trees planted, or 10 per cent of those 
which died, were affected by the above-mentioned unfavorable 
conditions, leaving 90 per cent of the deaths attributable only to 
drought. As has been indicated, the older plants usually survived 
better than the younger and the transplants better than the seedlings. 

The conclusion that transplants are hardier than seedlings is 
corroboi'ated by the results of small tests of age classes at other points. 
In one of these tests at Priest River, Idaho, in the spring of 1915 
where 2-0 and 1-2 western white pine stock were planted on a flat 
and on a northeast slope, the transplanted stock (1-2) yielded higher 
survival in both situations. In another test near Haugan, Mont., 
in the fall of 1922, parallel trials of 3-0 and 1-2 white pine stock on a 
northwest slope yielded higher survival again for the transplanted 
(1-2) stock. Also a plantation on a northeast slope in the fall of 
1924 resulted in higher survival for 1-2 transplants than for 3-0 
seedlings. In this plantation.2-0 trees were inferior to both of the 
other classes of stock. 

Success in planting in the region as a whole is very largely dependent 
upon adequate rainfall, especially during the first year or two after 
planting, and this was shown in the experiments made in the present 
study. The nearest weather station is at Wallace, Idaho, about 3 
miles away and several hundred feet lower in elevation. The Weather 
Bureau records there indicated more than the average amoimt of 
rainfall in July and August for 1915 and 1916, the first two years 
after planting. Had this planting been done in the spring of 1917 
or at any time during the next four years the results might have been 
quite different, for these were years of severe summer drought. 
Experiments in which the outcome is judged mainly by relative 
survival are likely to fail in such dry years, unless placed on the very 
best sites, because of universally high mortality. In like manner it 
has been observed that such experiments in moist years are often 
not very instructive for the opposite reason—^mortality is so univer¬ 
sally low that clear distinctions can not be made, except perhaps 
on the driest sites. Unfortunately, so far as the forests are concerned, 
drought can neither be controlled nor its occurrence predicted. 
Knowledge of drought hardiness must be accumulated year by year 
in the course of various observations on forest planting material. 

HEIGHT GROWTH 

Figure 1 shows the average elongation of stems or height growth 
of terminal shoots during the period of study. 

It may be deduced from these measurements that the older the 
plant the greater is the height growth of stem. In general, the 
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growtli of the 3-year-old trees (2-1 and 1-2 stock) was intermediato 
between the younger (1-1 and 2-0) and the older (2-2) trees each 
year. This relationship is especially noticeable in the cumulative 
effect of three years’ growth. That the older plants grew faster 
than the younger is shown not only by a comparison of growth 
during any one year, but also by the accelerated growth of any one 
class of stock during the three years. Acceleration of height growth 
over a period of years is a matter of common observation on some¬ 
what older seedlings. 

It appears from Figure 1 that on aU aspects the height growth of 
2-0 stock in any given season was less than that of 1-2 stock. How¬ 
ever, considering the fact that the transplanted stock was 1 year 
older than the seedlings, might it not be fairer to contrast the growth 
of 1-2 stock the first and second seasons after planting with that of 
2-0 stock during the second and third seasons? An objection may 
be made that the seedlings had more time than the transplants to 



Cless of Stock 
I ISfS I lS/6 Q 1317 


Fig. 1.—Height growth of stemslof westernTwhite pine planted in the spring of IQlS'cn the Placer 
Crcekiarea, Wallace, Idaho 

recover from the shock of planting, but this objection w^oiild hardly 
apply to both the second and third years. Also, as stem growth 
occurs during the spring and early summer, it should not have been 
greatly influenced in this case by summer drought, especially as the 
months in question were above normal in amount of precipitation. 

If this standard of comparison be accepted, and the growth data 
be charted as in Figure 2, it is evident that the 2-0 stock is growing 
at rates slightly faster on an average than those of the 1-2 stock. 
Also, by the same standard 1-2 stock is glowing relatively faster 
than 2-2 on all aspects, making the slightly higher survival of the 
latter seem of less consequence. The significance of this comparison 
will be more apparent when relative planting costs are discussed. 

Aspect also had a pronounced effect on growth, and the same 
trends are shown during each season and by each class of stock. 
The fastest stem growth took place on the west slope, then on the 
east, northeast, and northwest slopes in decreasing order. The 
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average growth of the planted stock during the 3-year period follow¬ 
ing planting was nearly 2 inches greater on the west slope than on 
the northwest, whereas the east and northeast slopes led the north¬ 
west by an inch and a half inch, respectively. Thus it may be seen 
that the poorest survival was accompanied by the most rapid growth, 
and vice versa. 



'SM fl I 1317 

Growth 1*3 U I 

Pig. 2.—Comparison of growth of trees of same age. Stem height growth of different classes of 
stock during the first three years after planting 


A somewhat obvious explanation of this opposite action on survival 
and on growth proves fallacious on analysis. Because considerable 
variation in development exists between individual plants of any 
cl^s of stock, it seems at first glance reasonable to suppose that on 
drier sites only the superior plants survive, and consequently raise 
the growth averages for these sites above those taken on moist sites, 
where natural selection is less severe. In other words, it might be 
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reasoned that, when all survivors are considered, the quality of 
plants left after natural selection would be higher on the drier than 
on the moister sites, and that the difference might 'well be sufficient 
to account for the greater growth on drier sites. 

This supposition will not ^‘hold water,’' however, when a very 
simple test is applied. Inasmuch as survival of the different classes 
of stock on the moist northwest slope was fairly uniform and a wide 
divergence in the survival of these classes appeared on the dry west 
slope, it should follow that the stock on the west slope that survived 
least 'well, namely, the 2-0 and 1-1 lots, 'would show the greatest ill¬ 
ative advance in height growth over that on the northwest aspect, for 
with them selection was most severe. However, 'v^^heii the decrease 
in survival for each class on the west slope below" that on the north- 
w^est slope is expressed in percentages and compared directly with 
the percentage increase in growth on the w"est over the northw^est, 
no consistent relation obtains. This is shown clearly in Table 2. 
Furthermore, the rather slight differences in survival on the north- 
w"est, northeast, and east slopes are in contrast to striking differences 
in grow"th. The hypothesis that natural selection following planting 
determines the grow^th rates on these sites does not seem tenable. 

Table 2. —Comparison of growth and mortality relations on northwest and west 
aspects three years after planting 


Age classes 

Decrease 
in survival 
percentage 
on west 
aspect 
below that 
on north¬ 
west 
aspect 

Per cent 
increase in 
growth on 
west 
aspect 
over that 
on north¬ 
west 
aspect 

i 2-2. 

11.7 

48.1 

; 1-2. 

18.1 

27.6 

2-1 . 

18.4 I 

73.0 

1 2-0.. 

25.2 

41.0 

' 1-1. 

30.4 

75.0 


In seeking a truer explanation, a little speculation may be justi¬ 
fied. In the complex interaction of environmental influences it may 
w'ell be that light has a dominant r61e in the determination of the 
rate of growth on these slopes. The northwrest slope receives but 
little more than diffuse light, whereas the west slope is exposed to 
direct sunlight in summer during the greater part of the day. 
though little or nothing is known as yet of the optimum light in¬ 
tensity for synthesis of plant food—^for assimilation, for cell division, 
and stem elongation of western white pine during its early develop¬ 
ment—it is possible to estimate from the figures for mortality from 
drought that transpiration, as well as evaporation from the soil, was 
greatest on the west aspect and least on the northwest. If, as is 
sometimes held, faster transpiration is accompanied by faster ab¬ 
sorption of nutrient salts, sunlight may have been a controlling in¬ 
fluence in the growth differences observed. 
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COST 


Sui'viTal and growth have been considered in an effort to judge the 
relative merits of different age classes of planting stock and different 
aspects for planting sites. The cost per thousand of established trees 
is a better criterion where it can readily be determined. Cost is a 
factor that can never be disregarded in practice. 

In comparing planting stock on the basis of survival costs it must 
be remembered that only relative differences for single years are 
comparable, because the cost of production and planting of tree 
stock fluctuates greatly from year to year with the price of labor and 
supplies. The same relative differences in cost should be fairly 
constant fz'om year to year, however. The nursery costs shown in 
Table 3 are based on nursery practice and labor conditions existing 
in the spring of 1918 and include all expenses from seed collection to 
loading tree shipments on the train. The field cost is the same for 
all age classes and is taken from the cost of planting 1-2 white pine 
on the St. Joe National Forest in the spring of 1917. It includes 
shipping charges for nearly the same distance as for the stock used 
on the Wallace area. An obvious imperfection in this method of 
figuring lies in the fact that the smaller-sized trees can be both shipped 
and planted somewhat more cheaply than the larger. By neglecting 
these things a slight burden will be placed on the 2-0 and 1-1 stock 
and a corresponding advantage given to the 2-2 stock. The cost of 
survival may be computed by the following formula: 


Cost per 1,000 survivors —100 X 


total cost of planting 1,000 trees 
percentage of survival 


Substitution in this formula of figures given in Tables 1 and 3 gives 
the data for Table 4. 


Table 3. —Costs of planting per 1,000 trees 


Age class 

Nursery 

Field 

Total 

2-2 .. 

i $3.64 

$9.99 

$13.63 

1-2 . 

i 3.28 

9.99 1 

13.27 

2-1 . 

j 3.06 

9.99 i 

13.06 

2-0 _ 

i 1.67 

9.99 

11.66 

1-1 . 

1 2.70 

9.99 

12.69 


The data in Table 4 indicate clearly that for an equal investment in 
planting work more living trees were obtained with 2-0 stock than 
with any other age class tested when planting was done on favorable 
aspects such as the northwest, northeast, and east, and this advantage 
would have been accentuated had it been possible to consider in the 
figures the somewhat cheaper shipping and planting charges for this 
class of stock. On the severe west aspect the oldest stock, the 2-2, 
appears to have been less expensive, although when allowance is made 
for its having been perhaps unduly favored in the cost figures, the 
margin between the 2-2 and the 1-2 classes of stock may be consid¬ 
erably reduced. In general, 2-0 was least expensive, 1-1 most 
expensive, and the three older transplant classes were intermediate and 
a great deal alike. The universally high cost on the west aspect is 
due, of course, to the high mortality on that exposure. 
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Table 4. —Cost per thousand trees surviving three years after planting on different 
aspects and with different age classes 


Age classes 


Aspect 


— 


— 

j Average 


2-2 1 

1-2 

i 

2-1 

2-0 

1-1 ; 

Northwest.-... 

. $13.75 ! 

$13.43 ’ 

$13.62 

$12.33 

$13.57 j $13.34 

Northeast... 

. 13.97 ; 

13.40 ; 

13.49 

1 12.71 

14. 42 : 13, 60 

East..... 

. 13.SS i 

13.49 : 

13.61 

; 11.96 

14. 40 ! 13. 47 

West. 

.15.59 ! 

16.-11 1 

16.S6 

; 16. SO 

20.11 : 17.16 

Average. 

14.30 i 

14.19 i 

14.39 

13. 45 

15. 62 j . 


: 1 






SUMMARY 

In general the survival of planted western white pine trees places 
2-2 transplanted stock at the top, with 1-2, 2-1, 2-0, and 1-1 fol¬ 
lowing in descending order. Height growth also conforms to this 
order. The cost of survival definitely favors 2-0 seedlings on moder¬ 
ate sites, and 2-2 or 1-2 only on the more severe sites. 

Aspect of planting site is as important as the class of stock. Of 
the four exposures tested the lowest survival, accompanied by the 
fastest growth, occurred on the west exposure. The east, northeast, 
and northwest aspects showed considerably higher survival in the 
order given. 











THE PERFECT STAGE OF THE FUNGUS WHICH CAUSES 
MELANOSE OF CITRUS^ 


By Frederick A. Wolf 

Pathologisty Office of Fruit Diseasesj Bureau of Plant Industry^ United States Depart¬ 
ment of Agriculture 

INTRODUCTION 

A disease of citrus and related plants to which the common name 
melanose is applied was first recognized near Citra, Fla., by Swingle 
and Webber - in 1892. Their account of the disease, published in 
1896, states that in their opinion it was caused b}^ a “vegetable 
parasite” which they were not able to isolate in culture. In 1912 a 
paper by Fawcett ^ was published in which he set forth the results of 
his investigations on a type of stem-end decay of fruits, and he as¬ 
cribed the cause of the decay to a previously undescribed organism 
which he designated Phomopsis ciiri. The relationship between this 
stem-end rot and melanose was not suspected at first. Evidence has 
been presented by Floyd and Stevens,^ however, and by others who 
have investigated this problem, which shows that the two forms are 
undoubtedly caused by one and the same fungus. The rules of proof 
to establish this relationship have never been completely followed, 
because thus far it has not been possible for anyone to isolate PTio- 
mopsis ciiri from melanose lesions on leaves, twigs, and fruits. 

In July, 1925, the present writer found, on fallen decaying twigs of 
lime (Citrus aurantifolia Swingle), on the grounds of the United 
States Citrus-Disease Field Laboratory, Orlando, Fla., a species of 
Diaporthe. Since several species of the form genus Phomopsis are 
known to have an ascigerous stage belonging to the genus Diaporthe, 
it was suspected that these specimens were those of the perfect stage 
of Phomopsis citri. Subsequent collections of the perfect stage were 
made in August and September from twigs of grapefruit (Citrus 
grandis Osbeck), sweet orange (Citrus sinensis Osbeck), and tangerine 
(Citrus nobUis Lour.), in the vicinity of Plymouth, Winter Park, and 
Gotha, Fla. A bundle of affected twigs bearing the Phomopsis stage 
was collected in September and placed in a sheltered location in con¬ 
tact with the groimd. It was examined from time to time to watch 
the development of the perfect stage. During the last week in the 
following January it was foimd that perithecia had developed to 
maturity on the twigs. 

These field observations when taken collectively indicate that the 
Diaporthe stage may be found at any time throughout the year on 
fallen citrus twigs. 


1 Received for publication March 2,1926; issued October, 1926. 

2 Swingle, W. T., and Webbeb, H. J. the fbincipal diseases of citrous fruits in Florida. U. S. 
Dept. Agr., Div. Veg. Path. Bui. 8: 33-38, illus. 1896. 

s Fawcett, H. S. the cause op stem-end rot of citrus fruits (phomopsis citri n. sp.). Phyto¬ 
pathology 2: 109-113, illus. 1912, 

^ Floyd, B. F., and Stevens, H. E. melanose and stem-end rot. Fla. Agr. Expt. Sta. Bui. Ill: 
5-16, illus, 1912. 
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ISOLATIONS 

Two methods were employed in isolating this Diaporthe. Perithe- 
cial stromata were crushed in drops of sterile water on a slide, and 
loopfiils of the suspension were spread over the surface of hardened 
agar plates. The resultant growth consisted of colonies of Diaporthe 
and several other fungi. Transfers of selected colonies were made to 
potato-dextrose agar slants and several strains of Diaporthe in pure 
culture were obtained by this means. Much more satisfactory re¬ 
sults, however, followed 
the inversion of hard¬ 
ened agar plates over 
twigs placed on strips 
of moistened blotter in 
the tops of Petri dishes. 
The ascospores were 
forcibly ejected and 
could be seen to have 
lodged on the surface 
of the agar, when exam¬ 
ined under the low 
power of the micro¬ 
scope. The position of 
individual ascospores 
was marked on the bot¬ 
tom of the plates and 
theh development not¬ 
ed at intervals. By the 
use of these inverted 
plates contaminations 
were avoided and pure 
cultures were readily 
obtained. ^Several cul¬ 
tures of the fungus were 
isolated by this method, 
in August and Septem¬ 
ber, from collections of 
this Diaporthe stage on 
twigs of grapefruit, 

Fig. 1.—A, diagram shows shape of perithecial breaks; B,conidia SWCet Orange, and tan- 
of Phomopm cUri from aseosporic cultures; C, stylospores of P. Sferme, The inycelial 
citri from cultures from ascospores; D, germinating conidia of ° ^ i 

Phomopsis stage; E, germinating ascospores of Diaporthe citric grOWtil Ot tnCSe Several 
after growth for 16 honrs, F, diagram of stroma and perithecia of rlokY 

D, citri; G, ascospores of D. eitri; H, asci of D. citri CUlbUl es On pOiaiO-QeX- 

trose agar slants resem¬ 
bled that of stock cultures of Phomopsis citri isolated from fruit 
affected with stem-end rot. Since Phomopsis forms pycnidia sparingly 
or not at all on this substratum^ subcultures were made on sterilized 
stems of pigeon pea (Cajanus indicus Sprang). In three to four 
weeks pycnidial production occurred in abundance on this substratum. 
These pycnidia were of the Phomopsis tjrpe and bore both functional 
conidia (fig. 1, B) and stylospores (fig. 1, C). Comparative measure¬ 
ments were made of pycnidia, conidia and stylospores of Phomopsis 
eUri from cultures isolated from stem-end rotted fruits, and of similar 
structures in the cultures from ascospores, and they were found to be 
similar in every respect. 
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All cultures, except two 
which were obtained from 
ascospores, developed the co- 
uidial stage. These two, one 
of which was cultured on po¬ 
tato-dextrose agar and the 
other on pigeon-pea stems, 
were maintained under iden¬ 
tical conditions and they 
produced perithecia (fig. 2). 

However, subcultures from 
these in turn developed the 
pycnidial stage. No ade¬ 
quate explanation can be 
given at this time to accoimt 
for the production of peri¬ 
thecia by these two isolations. 

This problem is especially 
puzzling because thousands 
of isolations of Phomopsis 
from decaying fruit have been 
made during the last few 
years in the routine investi¬ 
gations in this laboratory 
and none has been found to 
develop perithecia. 

THE ASCIGEROUS STAGE 

The perithecia of this Dia- 
porthe can be distinguished 
from most other fungi by 
the presence of slender black 
beaks which protrude singly 
or in small groups from the 
cortex of the twigs (fig. 2). 

A somewhat similar and re¬ 
lated organism, EntypeUa 
citricola Speg., which appears 
to be quite widely prevalent 
in Florida, also has these 
characteristics and may be 
confused with Diaporthe if 
one depends entirely upon 
examination with the unaided 
eye. Such at least was the 
writer’s experience with col¬ 
lections made at De Land, 

Fort Pierce, Haines City, 

Winter Haven, Bartow, Fort 
Myers, Wauchula, Lakeland, 
and Sarasota, Fla., near all 
of which places melanose is prevalent. Further chance for confusion 
arises from the fact that Eutypella may occur interspersed with the 
citrus Diaporthe. 


Fig. 2.--Perithecia of Diaporthe citri on grapefruit twig 
(above); and in culture on pigeon-pea stems (below) 
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The perithecial stromata of Diaporthe occur within the bark and 
remain covered at maturit^^. The beaks vary in length from 200 to 
800 ju, and in diameter from 40 to 60 m (fig. 1 , A). They are bluntly 
rounded at the apex and are entirely black, except the extreme tip, 
which is dark brown. The perithecia range from 125 to 160 ix in 
diameter and are embedded in a black stroma (fig. 1, F). The asci 
are sessile, elongate-clavate, 50 to 55 ju by 9 to 10 /z. They are thickened 
at the apex (fig, 1, H), and open by an apical pore. The ascospores 
are two-celled, slightly constricted at the septum, and each cell 
typically contains two prominent oil globules (fig. 1, G). They are 
hyaline,*^ elongate-elliptical to spindle-shaped, and vary from 11.5 to 
14.2 fjL by 3.2 to 4.5 fx. 

The ascospores germinate readily in tap water and on potato- 
dextrose agar. There is first a considerable increase in volume of the 
spore, which is followed by the emergence of a single germ tube or 
one from each cell (fig. 1, E). The mycelium soon becomes septate, 
and after 48 to 72 hours’ growth the colonies are evident to the unaided 
eve. 

INOCULATIONS 

Because of the results of the comparative cultural studies, inocula¬ 
tions were attempted with cultures which were bearing pycnidia and 
which had been isolated from ascospores as the source of inoculum. 
Swabs of cotton w^ere dipped in conidial suspensions and placed on 
tender leaves and twigs. These were then protected against desicca¬ 
tion by being wrapped for 24 to 36 hours in waxed paper, and after 
this time the wrappings were removed. Grapefruit and sweet-orange 
seedlings which were free from disease were employed in two of the 
tests. Young flushes of growth on large grapefruit trees were em¬ 
ployed in another trial. Infections were evident in about a week, 
and within 12 to 14 days typical melanose lesions had developed on all 
inoculated parts. Near-by seedlings which remained free from 
melanose and uninoculated flushes which remained free served as 
controls. 

Cultures from ascospores were used also to inoculate mature oranges. 
The surfaces of the fruits were fiirst disinfected by washing with a 
1:1000 solution of bichloride of mercury. The inoculum was then 
introduced through pimctures in the sides, after which the fruits were 
placed in moist chambers. Fruit which was punctured but not 
inoculated served as controls. Several of the oranges, both inociilated 
and uninoculated, developed stem-end rot from natural infection 
around the stems. Infection developed around the punctures of all 
inoculated fruits, but not around any of those which were uninocu- 
iated. 

TAXONOMY 

The genetical relationship of the Diaporthe in question and 
PTiomopsis citri is established both by the comparative cultural 
studies, as reported above, and by the pathogenicity of cultures from 
Diaporthe. Since this relationship is shown for the first time by 
these studies, and as the specific name citri was first employed for 
this organism, the name Diaporthe dtri (Fawcett) n. n. becomes the 
appropriate binomial. Even though accounts by several other in¬ 
vestigators contain the descriptive features of the Phomopsis stage, 
it appears best to summarize the characteristics of both stages of 
the fungus as follows: 



oet.3,1926 Petject Stage oj Fungus Which Causes Melanose 


625 


Diaporthe citri (Fawcett) n. n. 

Syn. Phomopsis €itri Fawcett. 

Ascogetious stage: Perithecia single or in groups, immersed in black 
stromata which are covered by the bark, 125 to 160 ju in diam.; beaks 
black, tapering, 200 to 800 m in length; asci sessile, elongate-clavate, 50 
to 55/i by 9 to 10 /z, apex thickened and pierced by a narrow pore; ascospores 
hyaline,' two-celled, constricted, elongate-elliptical to spindle-shaped 
possessing four guttulae, 11.5 to 14.2 ju by 3.2 to 4.5 ju. 

Hab. Saprophytic on decaying twigs of Citrus grandiSj C. nohilis^ C, sinensis 
and C. aurmtifdia. 

Cojiiial stage: Pycnidia on dead branches and decaying fruit, scattered, 
dark, ovoid, thick-walled and parenchymatous, erumpent at maturity, 
200 to 450 M in diam.; conidia ovate to elongate, hyaline, guttulate, 5 
to 9 #1 by 2.5 to 4 /i, mostly 6 to 8 by 3 /i; stylospores slender, hooked, 20 
to 30 /t by 0.75 to 1.5 a*- 

Hab. Saprophytic or parasitic on leaves, stems, and fruits of Citrus and related 
plants. It attacks young leaves, stems, and fruits, causing melanosae; and on 
mature citrus fruits causes stem-end rot. 

SUMMARY 

The perfect stage of the organism which causes melanose and 
stem-end rot of citrus has been found to occur upon decaying twigs 
of lime, grapefruit, sweet orange, and tangerine. 

Its connection with Phomopsis citri has been established by growth 
of both the pycnidial and ascogenous stages in culture from isolations 
from ascospores. Further, the conidia from cultures from ascospores 
have been employed successfully in producing melanose lesions on 
leaves of grapefruit and sweet orange and a rot of mature oranges. 

The ascigerous stage belongs to the genus Diaporthe, and the bi¬ 
nominal Diaporthe citri (Fawcett) n. n. is herein proposed. 




THE RELATION OP STORAGE TO THE QUALITY OF 
SWEET POTATOES FOR CANNING PURPOSES' 


By C. W. CuLPEPPEB and C. A. Magoon, Office of Horticulture, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In an earlier paper {10) ^ the writers reported the results of studies 
on the sweet potato (ipomoea batatas), dealing particularly with the 
canning quality of different varieties and giving some attention to 
methods of handling as affecting the quality of the canned product. 
Although the data presented therein dealt rather fully with the com¬ 
parative merits of the different varieties when canned after the usual 
curing and storage period, that portion dealing with the significance 
of their behavior under differing conditions of treatment was sug¬ 
gestive rather than conclusive. The number of varieties studied in 
this connection was limited to four of the well-known sorts, and the 
chemical data based thereon were, accordingly, incomplete. The 
sweet potato is known to vary considerably in its composition, and 
with the results of but two seasons’ work in hand, further information 
as to the constancy of the varietal differences noted would seem to be 
of considerable value. 

In the use of canned sweet potatoes for culinary purposes it is 
sometimes desirable to have a product that is very firm and that will 
hold its form while being prepared for the table, as in the case of 
sauteing and candying. Some varieties which are attractive and 
satisfactory in other ways become soft when cooked, and are there¬ 
fore unsuited for this purpose. A method of handling that would 
give this desired firmness in the product from the best table varieties 
would be of considerable advantage to the housewife. 

In the earlier studies mentioned firmness or consistency tests were 
performed upon the product of all the varieties studied, which had 
been handled in the usual way, and like tests were made upon the 
product from a few of the varieties canned immediately after the 
potatoes were harvested. Among those of the first group a few were 
found which yielded a product of moderately firm consistency but 
one still too soft to be entirely satisfactory. The product from the 
freshly dug potatoes, on the other hand, was found to be very firm 
in all cases, and this fact seemed to suggest a possible solution of the 
problem. 

It was for the purpose of investigating further this phase of sweet- 
potato utilization, and of making more complete the information 
available on the chemical constitution of the sweet potato and the 
transformations taking place within it under different conditions, 
that the work was pursued for another season. The results of this 
study are presented in the present paper. 

The literature pertinent to this work has been reviewed already in 
the paper above mentioned, but reference will be made to it again 


1 Received for publication April 2,1926; issued October, 1926. 

^ Reference is made by number (italic) to “Literature cited,” p. 643. 
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from time to time in the present text wherever it will help to clarify 
the subject under discussion. 

In all, 29 named varieties of sweet potatoes, together with about 
one-half dozen unnamed sorts were available for the work. These, 
arranged in alphabetical order, were: Ballinger's Pride, Big Stem 
Jersey, Catawba Yellow, Creola, Dahomey, Dooley, Florida, Geor¬ 
gia, Gold Skin, Gros Grandia, Haiti, Key West, Marneyita, Miles, 
Nancy Hall, Pierson, Porto Kico, Pumpkin “Yam," Purple “Yam," 
Red Bermuda, Red Brazil, Southern Queen, Triumph, Vineless 
Pumpkin “Yam," Vineless “Yam," White Sealy, Yellow Belmont, 
Yellow eTersey, and Yellow Strasburg. The unnamed sorts were 
identified by accession numbers only. 

The potatoes were grown for the work at the Arlington Experi¬ 
ment Farm near Rosslyn, Va. 

PLAN OF WORK 

The plan of the experiments called for practical canning tests upon 
the potatoes immediately after they were dug and again after a 
month of storage at the end of the usual curing treatment,^ partic¬ 
ular attention being given to the relative firmness of the canned 
product, its appearance and table quality, and its adaptability- to 
various culinary uses as determined by practical kitchen tests. 
Samples for chemical analysis were taken of each variety, both raw 
and after cooking, at the time the canning^ tests were made, in order 
that the' causes for change in the physical characteristics of the 
canned product as the result of curing and storage might be carefully 
studied. The record of these experiments follows. 

EXPERIMENTAL METHODS 

The digging of the crop was started October 17, 1922, and the 
work of canning and sampling for chemical analysis w’’as begun 
the same day. One lot of each variety was canned immediately 
and the other was placed in the curing chamber. As soon as the 
different varieties w’-ere canned the curing of the second lot was begun. 
The curing treatment was continued until November 3. On this 
date the fire was extinguished and the temperature allowed to drop 
to 55^ to 65*^ F., at which it was maintained throughout the storage 
period. On November 27 the canning and sampling for chemical 
analysis was begun again and the final work completed on December 
2, 1922. 

Uniform canning methods were followed throughout the experi¬ 
mental work, and the technic of chemical sampling and analysis was 
the same as that used in previous studies (10), 

The quantity of raw stock xised in the canning experiments varied 
somewhat with the different varieties, but averaged about 30 pounds 
for the freshly dug potatoes and 25 pounds for the cured and stored 
stock. Where larger yields in the field permitted, the size of the 
sample was increased, and in some instances where yields were light 
and the amount of material available was less, the size of the sample 
was smaller. 


»The curing treatment consisted in holding the potatoes in open slatted crates for 10 days in a curing 
chamber the temperature of which was maintained at abcftjt 85® F., with am^e ventilation to allow the 
moEsture driven off in the curing process to escape. At the end of this time the temperature was allowed to 
drop to 55® to 65° F. and the potatoes held under the^ conditions for one month. 
k 
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Two types of canned product were packed: One, as whole potatoes, 
for which the No. 3 plain tin can was used; and the other, in the form 
of pulp or pie stock, for which No. 2 cans were employed. 

Preparation for the can consisted in steaming the washed potatoes 
in a steam box until practically cooked (which required from 40 to 
50 minutes) peeling at once by hand, packing hot into the cans, and 
sealing immediately. For the preparation of pie stock the hot freshly 
peeled potatoes were passed through the food grinder, placed im- 
mediately in the cans, and sealed. 


Table 1. —Peeling quality and percentage of waste of sweet potatoes canned fresh 
from the field and those canned after curing and storage 


Sweet potatoes freshly dug 


Sw'eet potatoes after curing and 
storage 


Variety of sweet potato used 


Weight 


of sam¬ 
ple in 
pounds 


Peeling quality 


Per- ! 
centage; 
waste i 


Weight! 


of sam¬ 
ple in 
pounds 


Peeling quality 


Per¬ 

centage 

waste 


Ballinger’s Pride. 

Big Stem Jersey. 

Catawba Yellow... 

Creola. 

Dahomey. 

Dooley.— 

Florida. 

Georgia. 

Gold Skin. 

Gros Grandia. 

Haiti. 

Key West. 

Marne yita. 

Miles. 

Nancy Hall. 

Pierson. 

Porto Rico. 

Pumpkin ‘*Yam”. 

Purple “Yam”. 

Red Bermuda. 

Red Brazil. 

Southern Queen. 

Triumph. 

Vineless Pumpkin “ Yam’*.... 

Vinel«ss “Yam”. 

White Sealy. 

Yellow Belmont.i 

Yellow Jersey. 

Yellow Strasburg. 

No. 10412.. 

No. 10650... 

No. 11284. 

No. 12686. 

No. 24013. 

No.24014._... 

No. 24015. 


Poor- 

Fair. 

_do. 

_do. 

Poor. 

Good. 

Fairly good. 

_do. 

-do. 

Poor. 

_do. 

Very good... 

Good. 

Poor. 

Pair. 

-do. 

-do. 

Very good... 

_do_ 

Poor. 

.—do.. 

_do. 

—do. 

Good.- 

Fair. 

Very good... 

Good. 

Fair. 

Good. 

Poor.. 

.—do... 

_do. 

Fair. 

Poor. 

.do_ 

.do. 


121/2 

im 

mi 

mi 

14 

12H 

25 

25 

25 

25 

Poor to fair. 

Poor. 

Fair to poor. 

Good. 

Poor. 

17 

16 

IS 

25 

15 

16 

25 

Poor. 

is 

14 

25 

Good. 

15 

11 

im 

im 

25 

.do. 

16 

25 

Fair. 


im 

12 H 

25 

.do. 

23 

nH 


Fair to poor. 

15 

14 

25 

Good. 

15 

11 

25 

Poor. 

16 

13?^ 

25 

Very good. 

16 

15 

25 

Fair. 

15 

10 

25 

.do. 

16 

12H 

25 

.do. 

1 14 

12 H 

20 

.do. 

16K 

11 

25 

Good. 

14 

14 

25 

.do. 

18 

11 

16 

.do. 

17 

14 

10 

Fair. 


11 

mi 

25 

Poor. 

20 

13H 

25 

Good. 

! 13 

iiH 

25 

Poor. 

i 34 

iiH 

25 

.do. 

i 21 

liH 

im 

! 25 

Fair. 

j 28 

13H| 


Good. 

; i4 


12 

do . .. ' 

1 im 

13H' 

1 25 

.dol. 

17 

13H 

! 10 

1 


1 27?^^ 


The processing was performed as quickly as a sufficient number 
of cans could be packed to fill the retort. While awaiting the pro¬ 
cessing, all cans were kept submerged in a tank of water held at 
about 80° C. to prevent the contents from cooling. No. 3 cans were 
processed in the steam retort for 1 hour at 116° C., and the No. 2 
cans for 45 minutes at the same temperature. 

Eecords were kept of the weight of each sample, the peeling qual¬ 
ity, and the amount of waste of each variety as it was handled. 

At the end of the canning season samples of the different produc^ 
from each of the varieties were opened for critical study, and their 
comparative qualities judged by a committee made up of canned- 
food experts, specialists in home economics, and others qualified by 
10618—26-3 





















































































































630 


Journal oj Agricultural Research 


Vol. 33,No. 7 


experience to judge the merits of the products. Other series of 
samples from each of the varieties were subjected to plasticity tests 
to determine the relative firmness of the products, and products from 
selected representative varieties were turned over to the experimental 
kitchen of the Bureau of Chemistry for practical cooking tests.^. 

TESTS FOR PEELING QUALITY AND WASTE 

Table 1, which records the findings made at the time the canning 
was done, tells its own story and calls for little comment. Owing 
to the fact that the bulk of the material used in each case was small, 
the figures can not with safety be used as an index of just what 
percentage loss would obtain when large-scale canning operations are 
carried on. T^Tien analyzed in connection with the previous work 
{10), however, they give a fair idea of what may be expected under 
commercial conditions. 

It is seen that in the case of both the freshly dug stock and that 
which had been cured and stored, the peeling quality ranged from poor 
to very good. In the case of about a dozen different varieties the 
peeling quality was satisfactory under both conditions, while half that 
number peeled better in the freshly dug condition, and about a dozen 
better after the curing and storage. 

The percentage of waste ranged from 10 to 18^ per cent in the 
freshly dug stock and from 13 to 34 per cent in the cured and stored 
material. Variation in the amount of waste in the freshly dug pota¬ 
toes was due primarily to the size of the potatoes; but in the cured 
stock some loss was sustained through discoloration caused by fungi 
which occasionally affected individual potatoes. 


PLASTICITY TESTS 


Of particular interest in the present study was the relative firmness 
or plasticity of the different products from the same varieties when 
canned fresh from the field as compared with those from cured and 
stored stocks. Plasticity tests, the results of which are given in 
Table 2, were made by observing the resistance to penetration of the 
canned material by a plunger having a cross-section of one-half square 
centmeter. The figures given represent the number of grams pressure 
required to force the plunger into the product to a distance of 2 cm. in 
1 minute of time, and are averages from several tests made upon the 
material at both ends of the can. 

The varieties are arranged in the order of greatest resistance in the 
material from freshly dug potatoes. 

The outstanding fact revealed by these figures is the very great 
difference in plasticity of the product from the freshly dug potatoes 
as compared with that from the cured stock. The-pressure required 
to force the plunger into the material in the first series ranged from 
250 to 1,400 gm., whereas in the product from the cured potatoes 
only 20 to 180 gm. of pressure was required. In other words, the 
softest product from the freshly dug potatoes was considerably 
firmer than that of the driest material obtained after the storage 
treatment. In every instance there was a very marked reduction 
in the firmness as a result of the storage. 


^ Tbe writers indebted to L. H. Bailey, of the Bureau of Chemietry. who superintended this part 
of the work, to Mi^R, L. RuUedge, who made the cooking tests, and to F. C. Blanck, W. W. Skinner, 
Jr, Jj. Uowen, ^d H. C, Oore, also of the Bureau of Chemistry, who passed judgment upon the various 
sweet-p(^8to di^es i^epared from these product*? 



Oct. 1,1926 


Sweet Potatoes for Canning Purposes 


6^1 


Table 2.— Relative plasticity of the products from sweet potatoes of different varieties 
when canned fresh from the field and after curing and storage 
[The figures represent the pressure in grams required to force the plunger into the material to a distance 

of 2 cm. in 1 minute of time] 



Resistance of sweet 
potato when— 

Variety of sweet potato used 

Resistance of sweet 
potato when— 

Variety of sweet potato used 

Freshly 

dug 

Cured 

and 

stored 

Freshly 

dug 

Cured 

and 

stored 


Grams 

Grams 


Grams 

Grams 

Yellow Belmont.. 

1,400 





Florida... 

i;ooo 

65 

Nancy Hall. 

550 

20 

Purple “Yam”. 

975 

180 

No. 24013. 

550 

110 

No. 24015... 

950 

80 


52-'' 

100 

70 

Gros Grandia-. 

950 


No. 12686.i 

.500 

Vineless “Yam”__. 

950 

50 

Ballinger’s Pride. 1 

500 

40 

No. 24014. 

875 

80 

Dooley.. 

500 


White Sealy.. 

750 

55 

No. 10412. i 

475 

190 

Pierson... 

725 

100 

No. 10650.. i 

450 

75 

Vineless Pumpkin “ Yam ”... 

700 

30 

Gold Skin.: 

425 

80 

Dahomey... 

675 

180 

Red Bermuda. .* . i 

425 

80 

Creola. 

650 

25 

Key West.i 

3T5 

70 

No. 11284.! 

625 


YeUow Jersey___ i 

375 

180 

Haiti. 

625 

85 

Big Stem Jersey.' 

350 

120 

Miles___... 

600 

40 

Catawba YpIIow _ . . 1 

1 300 

35 

Pumpkin “ Y am ”. 

600 

40 

Red Brazil... 

i 275 

85 

Triumph... 

600 

85 

Southern Queen_ 

i 275 

60 

Georgia__ 

575 

45 

Porto Rico___ 

i 250 

25 





1 



It is noted that there are relatively few varieties showing any 
marked degree of firmness in the product from the stored potatoes. 
Two of these, Dahomey and Purple‘‘Yam,because of their elongated 
I’ootlike form, rather poor peeling quality, and tendency to discolor 
in the can are hardly suited for general canning purposes. The two 
Jersey potatoes. Big Stem Jersey and Yellow Jersey, because of their 
favorable shape and size and their desirable table qualities are used 
more extensively for canning than any other of the drier sorts. It is 
seen, however, that where firmness combined with high color is desired 
in the finished product a wide range of varieties is available if the 
potatoes are canned when freshly dug.® 

That a better idea may be gained of the difference in firmness or 
plasticity of the sweet-potato product when it is canned fresh from 
the field and after it has been cured and stored for one month. Fig¬ 
ures 1 to 4, inclusive, are shown. The variety used in the illustrations 
was Nancy Hall, well known as one of the best soft cooking varieties. 
Figiue 1 shows the product from the freshly dug potatoes canned 
whole. Figure 2 shows the same, canned after the curing and storage 
treatment. Figures 3 and 4 illustrate the product canned as pie 
stock under the same conditions as in Figures 1 and 2. 

Little comment on these illustrations is required. Attention is 
called to the lirniness of the products shown in Figures 1 and 3 as 
compared with the softness and moistness of the products illustrated 
in Figures 2 and 4. 

It will be of interest at this point to consider the chemical composi¬ 
tion of the different varieties of sweet potatoes in relation to the differ¬ 
ence in plasticity, as the changes in physical characteristics are due 
to alterations in the chemical constitution of the potatoes as a result 
of the curing and storage treatment. 


5 Th<^ interested in the color factor in the canned product of sweet potatoes will find a series of eokr 
plates showing the range of colors found among the different varieties, in the U. S. DepartmEnt of Agrictii- 
ture Bulletin No. 1041 entitled, “A Study of Sweet-Potato Varieties, with Special Kelerence to Their Can¬ 
ning Quality” (id). 
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Fig. 1.—Product of the Nancy Hall sweet potato canned whole immediately after digging 


Fig. 2—Product of the Nancy Hall sweet potato canned whole after the curing and storage treatment 
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Fig. 3.—Product of the Nancy Hall sweet potato canned as pie stock immediately after digging 



Fig. 4.— -Product of the Nancy Hall sweet potato canned as pie stock after the eurins and stcrsee 

treatment 


A 
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CHEMICAL STUDIES 

These studies are a continuation and extension of chemical work 
previously reported by the writers (10^11), and is here made to include 
all the important varieties of sweet potatoes grown in this country at 
the present time. The methods of analysis were essentially the same 
as reported in the earlier work. Samples were taken from a number 
of representative potatoes both raw and cooked, at the time of digging 
and after curing and storage. 

To 100 gm. of the sample enough 95 per cent alcohol was added to 
make the alcohol concentration 75 to 80 per cent. After extraction 
with alcohol the extract was made up to volume and the sugars 
determined in the usual way by the copper reduction method. The 
sucrose was inverted by boiling with 2 per cent citric acid, as recom¬ 
mended by Davis and Daish {2), in order to avoid inversion of 
maltose. The total polysaccharides were determined ® by inversion 
with hj^drochloric acid as recommended by the Association of 
Official Agricultmal Chemists (f). The dextrin was estimated as 
described by the writers (If), except that the tedious filtrations were 
avoided by centrifuging at high speed in a large centrifuge of standard 
make. 

The reducing sugars were calculated in two ways: In the first, the 
total reducing sugars both before and after cooking of the potatoes 
were calculated as invert sugar; in the second, the increase after 
cooking was calculated as maltose. In making this estimate it was 
assumed that all the sugar formed dui'ing cooking was maltose. 
This method of estimating maltose is, of course, indirect and is 
subject to the error of random sampling. Owing to the varying 
amounts of the different sugars in such a complex mixture the method 
may be subject to considerable error. In most cases the estimated 
maltose very nearly accounted for the decrease in starch during 
cooking. 

The results of this work are presented in Table 3. 

MOISTURE CONTENT 

Table 3 shows that the samples vary considerably in their percent¬ 
age of dry matter, Johnstone (S) found characteristic differences in 
sweet potatoes of the Porto Rico and Triumph varieties. Harrington 
(5) investigated the moisture content of sweet potatoes during stor¬ 
age and found a decrease from 71.34 to 63.5 per cent after several 
months of storage. His results showed that there was a considerable 
variation in the moisture content of potatoes of different varieties. 
Shiver {IS) found that the moisture content was variable during 
storage, and the results of many other investigators indicate that the 
moisture varies with the seasonal conditions and with the methods of 
storage after digging. 

The present results show a variation in the moisture content of from 
27 to 39 per cent. In almost any lot individual potatoes of any 
variety wiU vary fron 4 to 6 per cent in moisture. Numerous deter¬ 
minations have shown that in general the larger the potatoes the 
higher the moisture content. However, the age of the potatoes is a 
factor, as has been shown by Keitt {9). He found that the young 


* The determinations of total polysaccliarides were made by B. C. Brunstetter. 
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potato had a high solid content followed by a period of rapid growth 
in which the solid content was low. As the potato approached 
maturity the growth was slower while starch was being laid down, 
resulting in a higher solid content in the mature roots. 

Because of these variations in moisture content the sampling error 
may sometimes be considerable in spite of efforts to avoid it. In the 
present results there are a few cases in which the moisture of the raw^ 
and the cooked potatoes varied from 1 to 2 per cent. However, the 
differences are usually less than 1 per cent. In most cases vrhere there 
are differences shown the raw sample is higher, though in several cases 
the reverse is true. Only a small amount of evaporation was possible 
in the method of handling used and the differences shown are mainly 
due to sampling error. 

Generally, the moisture content found is characteristic of the 
variety, with the possible error of 2 or 3 per cent. Triumph, Georgia, 
and Purple “Yam” are characterized by a very high solids content. 
Numerous moisture determinations on these during the last four 
years have shown a solids content varying from 35 to 40 per cent, 
with an average of about 37 per cent. Gold Skin has the lowest 
solids content of any variety, and though this result is somewhat 
below the average for several years, it is always strikingly low in 
solids. This probably explains why potatoes of this variety are 
likely to shrivel and shrink severely imder certain storage conditions. 
The Jersey group as a whole is below^ the average in solids. Key 
West and Creola are also low in solids, which partly accounts for their 
consistency when cooked. Porto Rico is also frequently rather low^ 
although the determination in this case is somewhat below the average 
for four years. Potatoes of a larger number of varieties are quite 
similar in their solids content and average from 32 to 35 per cent. 

The quantity of moisture present is an important factor in causing 
the difference in quality of varieties by modifying the firmness or 
softness of the canned product. The very high solids content makes 
the sweet potato a very concentrated food. 

SUGARS 

Miyake (12) identified dextrose, levulose, and sucrose in the sweet 
potato. He obtained no evidence, however, of the presence of 
pentose, galactose, mannose, or maltose. A number of workers (J, 6^ 
7, 9, 10, 11, 12, 13, H) have reported the presence of both reducing 
and nonreducing sugars in the sweet potato. The writers (10) found 
large quantities of reducing sugars in the cooked potatoes, and later 
showed (11) that large quantities of these sugars, principally maltose, 
were formed during cooking. 

Gore (4) found that practically all the sugar formed during the 
cooking of sweet potatoes was maltose. He also found (S) that the 
sweet potato was rich in diastase, and that only a small quantity of 
malt was necessary to convert all the starch into sugar. Hasselbring 
and Hawkins (6, 7) found that the sugar content of the sweet potato 
changed after digging and varied with the storage temperature. At 
low temperatures the sucrose increased and the reducing sugars der 
creased, which led them to the conclusion that starch was first changed 
to reducing sugars and that sucrose was then synthesized from these. 
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Reducing Sugars 

Table 3 shows that the reducing sugars in the uncooked potatoes 
were always small in amount and quite variable in different samples, 
even in the same variety. Since the quantity present is nearly 
always less than 1 per cent these variations are not large in total 
amount and are of no particular significance in canning operations. 
In most cases there is an increase in the amount present during the 
curing and storage period. There are some cases, however, where 
the reverse is true. 

Maltose 

After cooking there is always a very great increase in the reducing 
sugars. If this increase is calculated as maltose there appears to 
be 7 to 14 per cent present in the different varieties. This increase 
is accompanied by a corresponding decrease in starch. This indi¬ 
cates that there is a large amount of diastase present which varies 
considerably in the different varieties. Since maltose arises from the 
conversion of starch this change greatly affects the softness of the 
canned product. However, the softness is not proportional to the 
amount of maltose present, especially in the different varieties. 
Inconsistencies such as this lead one to conclude that there may be 
other very important factors that are also unexplained. 

Among those varieties high in maltose are Triumph, Nancy Hall, 
Porto Rico, Yellow Strasburg, Purple ^‘Yam,’^ Georgia, Miles, and 
Marneyita. Generally there is at least a small increase in the 
maltose in the cooked samples after curing and storage, though in 
some cases the reverse is true, which may be due merely to sampling 
error. The large quantity of maltose present greatly affects the 
quality of the product by its added sweetness; but because of its 
lesser sweetening powder it is not so important as sucrose. 

Sucrose 

Sucrose is the most abundant sugar in the raw material and the 
variation in the amoimt of it present greatly affects the sweetness of 
the canned material. There seems to be practically no change in it 
during cooking. Such variations as occur in the analyses seem to 
have resulted from errors in sampling. An increase in sucrose 
always occui-s during curing and storage. There is from three to 
four times as much present in the cured as in the freshly dug sam¬ 
ples. This tremendously affects the sweetness and the quality of 
the canned material and is the chief factor giving higher quality to 
the cured and stored material. There is not a very great variation 
in the amount of sucrose in potatoes of different varieties when 
freshly dug, but the variations are greater in the cured material, 
ranging from 3.5 to 7.5 per cent. Nancy Hall, Pumpkin ^'Yam,"' 
Vineless Pumpkin “Yam,” Vineless “Yam,” Georgia, Yellow Stras¬ 
burg, and Porto Rico are particularly high in sucrose in the cured 
and stored material. 

POLYSACCHARIDES 

Starch 

The hydrolyzable polysaccharides of the raw sweet potato consist 
almost entirely of starch. The amount present differs considerably 
with the varieties, stage of growth, and storage conditions. In the 
raw state the percentage of starch present is correlated quite closely 
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with the moisture content, being high when the moisture is low. 
It decreases during storage as a result of its conversion into sucrose. 
During cooking large quantities are converted into soluble products, 
chiefly maltose, but in some varieties considerable quantities are 
changed to dextrinlike forms. Starch is the chief constituent giving 
firmness to the canned product. In most varieties there is more or 
less starch remaining which, during the cooking process, is modified 
only by being gelatinized. The consistency of the canned material 
is very nearly proportional to the ratio of starch to moisture. Some 
of the raw samples are high in starch, namely, Triumph, Florida, 
Catawba Yellow, Nancy Hall, Vineless '^Yain,” and, immediately 
after digging. Pumpkin ^^Yam.^^ 

Dextrin 

Stone (14) very early found dextrin present in cooked sweet pota¬ 
toes and showed that it was formed during cooking. The writers 
(10)j working with four varieties, found comparatively wide varia¬ 
tions in the dextrin content and showed that there was close correla¬ 
tion between the amount of dextrin present and the softness of the 
cooked product. The dextrin arises from the partial conversion of 
starch during cooking probably as the result of the activity of dias¬ 
tase or other enzymes. 

By comparing the figures in Table 2 showing relative consistency 
with those for dextrin in Table 3, it will be noted that in every case 
where there is a high dextrin content the material is soft in consis¬ 
tency. High dextrin is nearly always associated with high maltose 
content, but in many cases there is a liigh maltose content unaccom¬ 
panied by high dextrin content. Dextrin does not seem to affect the 
quality except as it does so through modifying the consistency. 

QUALITY OP PRODUCTS 

It is hardly possible to convey by the usual terms just what is 
meant by “good^’ or ^^poor” canning quality when speaking of 
freshly dug sweet potatoes. High quality in sweet potatoes is, as 
already noted, usually associated with high sugar content, pleasing 
flavor, attractive color, and proper consistency. In the product from 
the freshly dug potatoes the sucrose content is relatively low, the 
flavor is less well developed, and the consistency always firm. Quality 
in this case applies more particulaxiy to attractiveness of the product 
as determined by color and brightness; somewhat less to flavor; but 
particularly to its suitability for certain culinary uses for which the 
cured potato, because of its soft consistency, is not adapted. This 
product would supplement rather than suplant the usual canned 
sweet potato. 

In the present studies both the freshly dug and the cured potatoes 
were canned and the product of each subjected to careful judging as 
to quality. With respect to the product from the cured potatoes the 
findings were in all cases practically identical with those previously 
obtained, which have been set forth in more or less detail by the 
writers in the publication previously mentioned (10), There it is 
recorded that Gold Skin was given first place, and Porto Eico, Nancy 
Hall, and Vineless Pumpkin “Yam’' of the moist fleshed group, and 
Big Stem Jersey, Improved Big Stem, Yellow Strasburg, and 
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Triumph of the firmer fleshed varieties were accorded high ratings in 
about the order given. 

Observations upon the canning qualities of the freshly dug sweet 
potatoes of the different varieties in the present study are given 
briefly in Table 4. 

Table 4. —Qualities of the canned product from freshly dug sweet potatoes 


Variety of sweet potato used j 

Attractiveness 

Consistency 

Tendency to 
darken on 
exposure 

Table quality 



Firm__- 

Slight. 

Poor. 



Fairly firm.. 

Little. 

Medium to poor. 


_do _ 

Firml.. 

_do.. 

Fair. 

Dahomey.... 

Poor... 

Very firm. 

Pronounced. 

Poor. 


Fair __ 

Firm_ 

Little.. 

Fair. 

Florida .... 

.do__ 

Very firm. 

_do.. 

Poor. 



j Firm..- 

Pronounced. 

Do. 

Goid'Skin . 

Very good_i 

' Fairly firm_ 

Verylitlte. 

Good. 



! Very'flrm.. 

Pronounced_ 

Poor. 

Haiti -__ 

Fair _ 

Firm..- 

Little_ 

Fair. 

Key West... 

Rather poor__ 

Fairly firm. 

.do. 

Poor. 


Fair __ 

! Firm’. 

.do. 

Rather poor. 

Miles.- 

_do_' 

.do.. 

Pronounced 

Poor. 

Nancy Hall... 

Very good_ 

.do. 

Little. 

Very good. 

Pierson_ . __ 

Fair _ 

! Very firm_ 

_do__ 

Very poor. 

Porto E-ico -- -__ 

Very good, 

i Fairly firm_ 

_do.-. 

Fairly good. 

Ihimpkin “Yam”.. 

Fair. 

i Firm. 

Pronounced. 

Fair. 

Purple “ Yam”. -.. 

Poor..- 

Very firm_ 

.do. 

Poor. 

Red Bermuda _ _' 

Fair to good _ 


Little_ 

Do. 

Red Brazil_ 

_do_ 


.do. 

Do. 

Southern Queen- _ 

Rather poor_ 

.do..- 

Pronounced 

Rather poor. 

Triumph... 

Good _ ’ 

i Firm .- 

Little . 

Poor. 

Vineless Pumpkin “Yam”.,. 

Very good . 

;. do . 

. do . 

Very good. 

Vineless “Yam” .i 

Fair . 

:. do . 

.do. 

Poor. 

White Sealy. 


!.do . 

.do . 

Fair. 

Yellow Belmont . 

Rather poor _ 

! Very firm . 

Pronounced . 

Poor. 

Yellow Jersey .. 

.do . 

i Fairly firm . 

Little . 

Do. 

Yellow Strasburg .. 

Fair to good _ 

' Firm . 

Pronounced .... 

Fair. 

No. 10412 . 

Poor _ 

i_do . 

_do ... -. 

Very poor. 

No. 10650 . 

Good .. 


Little . 

Poor. 

No. 11284 . 

_do . 


_do _ 

Fair. 

No. 12686 . 

Fair . 

! . do . 

. do. 

Fair to good. 

No. 24012 . 

Fair to good,.!.. 

_do_ 

_do...._ 

Poor. 

No. 24013. 

Poor_ __ 

_do . 

.doI...I . 

Do. 

No. 24014 . 

Good _ 

Very firm _ 

_do.. _ 

Do. 

No. 24015 . 

Very poor _- 

do 

Prnnnnnnpd_ 

Do. 



1 ! 



It is seen that of these 36 different varieties and strains of sweet 
potatoes approximately 70 per cent graded from fair to very good 
from the standpoint of attractiveness of the canned product; all 
were firm in consistency; about 70 per cent showed little tendency 
to discolor when exposed to the air after being removed from the 
can; and about 30 per cent of them graded from ^'fair^^ to ^'very 
good” with respect to table quality. Although attractiveness, 
tendency to remain bright on exposure to the air, and good table 
quality were not always found in those varieties showing one or more 
of these qualities, it is of interest to note that a considerable number 
of them did combine all of these qualities; as, for instance, Gold 
Skin, Nancy Hall, Porto Rico, and Vineless Pumpldn “Yam.” 

In this connection the results of the judging by the committee of 
canned-food specialists will be of interest. Although there was not 
complete agreement in all cases among individual judg^ as to the 
merits of the canned product of the different varieties, Nancy Hall 
was given first place by a large majority of the judges, with Gold 
Skin ranking second. With some, Vineless Pumpkin “Yam” was 
considered as second only to Nancy Hall, and favorable mention 
made of Porto Rico, Big Stem Jersey, Triumph, Red Bermuda, 
and several others. 
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COOKING TESTS 

To determine the suitability for culinary uses of the canned 
product from freshly dug sweet potatoes as compared with that from 
cured potatoes, a number of samples of selected varieties were sub¬ 
mitted to the experimental kitchen of the Bureau of Chemistry for 
practical cooking tests, and the results were judged by a committee 
of food experts from that bureau. The samples submitted included 
both the whole and the pulped or pie-stock canned sweet potatoes 
of the freshly dug and the cured and stored Vineless Pumpkin 
Yam,” Gold Skin, and Triumph varieties, and the whole potato 
canned material of the Porto Rico. These were opened on the 
morning of January 5, 1923, and the following products and dishes 
prepared: (1) Pie fillers from the pie stock material of both the 
freshly dug and the cured and stored potatoes; (2) pies with crusts, 
from the freshly dug potato stock; (3) sliced and sauted sweet 
potatoes from the freshly dug potato product (the cured potato 
product was too soft for slicing); (4) sliced and candied pie stock 
from the freshly dug potato product, except in the case of the Porto 
Rico, in which whole potato canned product was used. 

For the preparation of pie fillers and pies it was found necessary 
to pass the canned material through a potato ricer because of the 
firmness of the product. 

The results of these practical cooking tests are briefly described 
in the following summaries: 

VINELESS PUMPKIN **YAM’* 

Pie filler. —Somewhat grained in texture but excellent in appearance and flavor. 
Filler prepared from the cured potato stock was smoother in texture. 

Pies. —Rather coarse grained owing to the curdling of the milk during prepara¬ 
tion and cooking. In aU other respects the pies were satisfactory. 

SauUd potatoes. —Good, the slices remaining intact during the cooking and the 
product being very attractive and satisfactory. 

Candied sweet potato. —The slices crumbled somewhat, but otherwise the 
product was excellent. 

GOLD SKIN 

Pie filler. —Very slightly grained but excellent in appearance and flavor. 
This filler would be very acceptable anywhere. Filler from cured potato stock 
was a little smoother in texture. 

Pies. —Very good, somewhat smoother in texture than those from the Vineless 
Pumpkin ^‘Yam.” 

SauUd potatoes. —Very fine product, the slices remaining intact during the 
cooking. Appearance and flavor very satisfactory. 

Candied sweet potato. —Excellent. Slices held their form perfectly and made 
a most pleasing and attractive dish. 

TRIUMPH 

Pie filler. —Good, Slightly grained in texture but not enough to be objection¬ 
able. The fill er from the cured potato stock w^as a little smoother in texture. 

Pies. —Good. Slightly grained in texture. 

SauUd potatoes. —Excellent. Slices held their form perfectly. 

Candied sweet potato. —Very good. Slices held their form in the preparation 
and made an attractive dish. 

PORTO RICO 

Pie filler. —Good, but slightly grained in texture and showed some fibers which 
were somewhat objectionable. Filler from the cured potato stock was a little 
smoother in texture but the fibers were too much in evidence for the best r^uits. 

Pies. —^Very satisfactory, though slightly grained. 

SautH potatoes. —Satisfactory. Slices held their form perfectly aithou^ made 
from whole potato canned product. ^ ^ 

Candid sweet potato, —A very attractive dish. Slic^ held their form pOTeeHy. 
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Id judging the merits of the different varieties in tlaese cooking 
experiments the committee was nearly unanimous in giving first place 
to Gold Skin, with Vineless Pumpkin “Yam” and Porto Rico tying 
for second place. 

From these studies it is seen that in the canned product from the 
fresUy dug sweet potatoes the housewife has an excellent material 
for a number of attractive dishes, some of which can not be prepared 
satisfactorily from the sweet potatoes canned after curing and storage. 

SUMMARY 

The study herein reported has shown that during curing and 
storage profound transformations take place in the sweet potato, and 
further alterations occur during the cooking process. 

The physical evidence of these transformations, as they are mani¬ 
fested in the canned product, are a very marked softening of the flesh 
of the potato and a very considerable increase in sweetness. In all of 
the varieties studied the freshly dug potatoes yielded a very firm 
product, whereas the cured and stored stock yielded a product varying 
all the way from a medium to a very soft consistency. 

The chemical changes taking place are evidenced by a transforma¬ 
tion of part of the starch to dextrin and sucrose, thus altering the 
starch moisture ratio, and during the cooking, a splitting of a portion of 
the starch to maltose. These changes are responsible for the altered 
physical consistency of the canned product and its increase in 
sweetness. The ratio of starch to moisture determines the consist¬ 
ency, and the chief factor causing the difference in sweetness is the 
amount of sucrose formed. 

Practical cooking tests have shown that the canned product from 
freshly dug sweet potatoes is well adapted to a variety of table uses 
and, because of its firmness, is superior to that canned from cured 
stocks for the preparation of such dishes as sauted and candied 
sweet potatoes. 

Although many' of the varieties studied gave an attractive product 
in the can, a few of them were found to have particular merit. Nancy 
Hall, Gold Skin, Vineless Pumpkin “Yam,” and Porto Rico were 
among the best, but a very good canned product was obtained from 
Big Stem Jersey, Triumph, Red Bermuda, and others. It is im¬ 
portant to note that those possessing the highest quality in the 
product of the freshly dug potatoes were also judged, in the earlier 
studies, as having particular merit when canned after the usual 
curing and storage treatment. 

As a result of these combined studies it is apparent that by judicious 
handling of the raw stock the sweet-potato canner is able to put on 
the market products suited to eveiy demand which the sweet potato 
supplies as a table commodity, and which for certain culinary uses is 
equal if not superior to the fresh vegetable. 
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A LEAF SPOT OF CRUCIFEROUS PLANTS CAUSED 
BY ALTERNARIA HERCULEA» 


By J. L. Weimbr 

Associate Pathologist^ O^e 0/ VegetahlCj Forage^ aTid Other Diseases^ Bureau of 
Plant Industryj United States Department of Agriculture 


INTRODUCTION 

While studying the ring spot of cruciferous plants caused by Myco- 
spTiaerella brassicicola (Fr.) Lindau, another type of leaf spot was 
found to be common, especially in a vegetable section on the western 
side of San Francisco Bay in California, just south of the city of San 
Francisco. The* disease was especially prevalent on cabbage (Co- 
lumbo variety) and cauliflower (50 varieties) growing in the eastern 
part of this^ section in the autumn and winter of 1923-24. Since 
two other similar leaf-spot diseases also occurred in this locality, 
some observations and studies were made for the purpose of distin¬ 
guishing between them. The object of this paper is to record the 
results of these studies. 


SYMPTOMS OP THE DISEASES 

Ring spot is very common on crucifers in the vegetable-growing 
section above referred to, known as the Colma section. Although 
this disease is described elsewhere (7),^ a brief description is given 
here for convenience. 

Infection first becomes evident on the leaves, regardless of age, as 
very small dark-colored spots one-half millimeter or less in diameter. 
These spots enlarge, and in 3 to 4 weeks there are lesions 1 to 2 
centimeters in diameter. Both the upper and lower surfaces of 
mature lesions are thickly studded with pycnidia or perithecia or 
both, they being more abundant on the upper surface. The pycnidia 
and perithecia are often arranged in concentric circles; hence the 
name ring spot. Plate 1,' A, shows the characteristics of the lesions. 
These lesions vary in color, but are usually sepia to clay-colored. 
However the pycnidia and perithecia are often so abundant that the 
spots appear almost black. There is usually a rather sharp line of 
demarcation between the diseased and healthy tissues, although the 
tissues immediately surrounding the lesions may be yellow ochre, 
gradually shading off to the normal green color. Nearly all parts of 
the host are susceptible. 

Another leaf spot found in this section on various cruciferous hos^ 
is caused by the fungus commonly known in this country as AUemaria 
Irassicae (Berk.) Sacc.® As stated in an earlier paper (^), this disease 
is not very prevalent in the San Francisco Bay section. However, 
it occurs ,at times and may be found on the same leaves with ring 
spot and the disease described below. This disease is known as 


1 Received for publication Feb. 8j 1926; issued October, 1926. 
s Reference is made by number (italic) to “Literature cited,” p. 6S0. 

3 The name of this fungus has recently been changed to AU€rfmi4i drdmm <B. A C.) B<^ by Bo^ 

It is not the purpose of this paper to go into a detailed disjus^on erf nomendiatiire, hence the as 

to whether or not BoUe is justified in making this chai^ will be Mt open. 


Journal of Agricultural Res^ch, 
Washington, D. C. 

m 


VdL S3, Ho. 7 
No. &-m 


10618—26- i 


(645) 




646 


Journal 0 / Agricvltural Research 


Vol. 33, No. 7 


black leaf spot (4), Alternaria spot, or black mold. In its early 
stages it is indistinguishable from the dark spot caused by the ring- 
spot fungus. The spots spread rather rapidly, forming circular 
lesions varying in size from 0.5 to 1 cm. in diameter. The color 
varies from grayish to brown. Under conditions of high humidity 
the surfaces of the lesions become covered with sporophores and 
spores of the causal organism, which give them an olivaceous appear¬ 
ance. As in the case of ring spot, these fruiting bodies are arranged 
in concentric rings (pi. 1, B). 

The third type of leaf spot found in this locality resembles the other 
two in size, shape, distribution oyer the leaf surface, and in presence 
of concentric rings. These latter are clearly shown in Plate 1, C 
and D. For convenience in this discussion, this disease will be desig¬ 
nated as gray leaf spot, to distinguish it from black leaf spot and 
ring spot. The disease differs from ring spot in that the lesions are 
usually lighter in color and bear no pycnidia or perithecia. It is 
similar to the black deaf spot, in that under moist conditions the 
spots are covered with an olivaceous growth of the causal fungus 
(pL 1, C), However, this growth is usually not as dense as is the 
case on the black leaf-spot lesions, and under field conditions in this 
locality it usually is not seen at aU. Lil^ewise, the lesions of the gray 
leaf spot are, on the average, smaller and lighter in color than are 
those of the black leaf spot (pi. 1, D). Gray leaf-spot lesions on other 
hosts in California have much the same appearance as on cauliflower 
and cabbage, except for a slight variation in color. On Chinese 
cabbage, radish, and turnip, the spots are light gray, while on cabbage 
and cauliflower they vary from gray to dark brown. As seen in the 
field they are usually some shade of gray. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

^ This disease is not a new one to science, neither does it have a 
limited distribution. It is known to occur in central and southern 
California, and in Florida, New York, Alabama, New Jersey, Indiana, 
Ohio, and Connecticut, and it probably is present elsewhere. In 
spite of this prevalence it apparently has been given little attention 
by'pathologists, no doubt because it ordinarily causes little damage. 
It was, however, very prevalent on cauliflower and cabbage in certain 
parts of the Cohna section in the autumn of 1923 and the winter of 
1924. The ring spot was abundant near the ocean, but became de- 
creasingly prevalent back from the coast; and the reverse was true 
of the gray leaf spot. The lower leaves of cauliflower were quite 
badly spotted with the latter disease in some fields on the eastern 
side of the Colma section. No doubt some of the lower leaves were 
much debilitated by the disease and the heads correspondingly de¬ 
creased in size. Nevertheless, it is very difficult to determine losses 
produced by diseases of this nature. For the most part only about 
six of the lower leaves of the large plants were attacked, and the plants 
produced fair-sized heads. In no case was the disease severe enough 
to justify control measures. 
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Platel 



A. —Young cauliflower leaf affected with ring spot caused by MpcosphaertUa hnmidcoJa. The small black 
spots are lesions in early stages of development. 1.2Xnatural size. 

B. —Portion of a cauliflower leaf showing a large l^on of black leaf spot caused by AUermria brustsicae 
1.2Xnatural size. 

C. —Portion of cauliflower leaf showing a large lesion of gray leaf spot caused by AUermria herculea. 1.2X 
natural size. 

D. —Section of cauliflower leaf affected with gray leaf spot caused by AUermria herculea. [This type of 
lesion is more common than that ^own in G. The concentric rinp in these lesions are more pron<mnt»d 
than in the case of ring spot (pi, 1, A]. The spots are usually sinaller and lighter in csolor than are the 
black leaf-spot lesions (pi. 1, B). About half natural size 

B.—Young cabbage leaf showing gray k^-spot lesions as they app^^d thirteen days after ixmculation. 
About half natural size. 

F. —Leaf of Chinese cabbage having two gray leaf-spot lesions produced by artificial inoculation. Abmt 
half natural size. 

G. —Cotyledons of cauliflowa: seedlings artificially infected by AUermria herculea. 1.8 Xnatural size. 


A Leaf Spot of Cruciferous Plants Caused by Alternaria Herculea 


Plate 2 



A head of cauliflower photographed one week after it was inoculated with AUermria herculea and 
placed at 20® to 25® C. in a moist chamber. The black spots show the extent of infected areas. 
Two-thirds natural size 
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THE CAUSAL ORGANISM: 


The gray leaf spot is caused by the fungus first described by Ellis 
and Martin (3) on horse-radish (Armorada rusiicana Gaertn.) as 
Alternaria Jierciilea (Ell. & Mart.) Elliott. Later Stewart (5) reported 
it as being common on flat turnip and found occasionally on cabbage 
on Long Island, N. Y. The fungus was first classed as a Macro- 
sportium, but was later transferred to the genus Alternaria by Elliott 
{2), where, according to the present conception of the genus, it 
undoubtedly belongs.^ 

Frequently it is necessary to make a microscopic examination of 
the spores before the black and gray leaf spots can be differentiated. 
Figure 1 shows how the spores differ in size and shape. The apical 



Fio. 1.—A. Three spores of Alter mrinhncuka. X B. Group of spores of A ttfrBflriflftraswsf*. X 500 


cell of an Alternaria Jierculea spore is characteristically long as com¬ 
pared with that of an A. hrassicae spore. The spores of the former 
are also lighter in color, proportionately longer and narrower, and 
usually have more longitudinal septa than do those of the latter, 
A, Jiercidea spores measure 16 to 28 X 125 to 225 ju, while the largest 
spores of A. brassicae (5 to 8 septate) are 9 to 16.8 ji wide by 35 to 75 
itilong ( 6 ). 


< BoHe </) has decided that the (?orrec*t name of this fungus is Altermrim hrmsicat (Berk.) Bdle. How¬ 
ever, the present writer is not entirely convinwd that this change is justified, so for the purpose of tMs 
paper he prefers to use the name A, kerculea. 
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Stewart (o) states that this fungus is undoubtedly parasitic on 
turnips, but cites no experiments to prove it. Since no proof of its 
pathogenicity could be found, a few tests were made on different hosts. 
Isolations vrere made from a number of typical lesions on cauli¬ 
flower and Alternaria herculea was obtained in nearly every case. Inoc¬ 
ulation tests on cauliflower, cabbage, and Chinese cabbage showed this 
fungus to be parasitic on them. The fungus was isolated from 
Chinese cabbage and from rutabaga-infected cabbage. ^ Not only 
were the old leaves of cabbage infected, regardless of size, but the 
cotyledons were also. Cauliflower cotyledons only a few days old 
have been collected a number of times from seed beds at Colma and 
the fungus isolated. Alternaria herculea isolated from^ rutabaga 
leaves was used to inoculate cauliflower seedlings growing in the 
greenhouse, in the following manner: Hyphae in small amounts were 
placed on the cotyledons without consciously injuring them, and the 
plants were covered with battery jars. Three days later there was 
evidence of infection in the form of small, dark spots just visible to 
the unaided eye. In 12 days some of the cotyledons were almost 
entirely killed, while others showed quite distinct grayish-biown 
lesions having the concentric ring character (pi. 1, Q). These lesions 
were very similar to those found on the cotyledons under natural 
conditions. In like manner, hyphae, from a culture of A, herculea 
from rutabaga were placed on the moistened leaves of Chinese cab¬ 
bage seedhngs (Wong Bok) growing in the greenhouse. These plants 
were kept moist under a bell jar for three days. At the end of that 
time water-soaked spots varying in size with the amount of the 
inoculum were present on the leaves. Plate 1, F, is a photograph of 
,two of these lesions as they appeared at the end of 12 days. These 
spots were circular in outline, grayish, and varied from 1 mm. to 
1 cm*, in diameter. There was usually a sharp line of demarcation 
between the diseased and healthy tissues. The fungus fruited spar¬ 
ingly on the lesions, except when they were placed under conditions of 
high humidity. The fungus isolated from rutabaga reinfected the 
leaves of seedling of this host (improved purple top variety) as well as 
cauliflower seedhngs held in the greenhouse and inoculated as in the 
instances cited above. The fxmgus was reisolated from the lesions 
form^ on rutagaba and used to inoculate Chinese cabbage with 
positive results. There is, therefore, considerable evidence that the 
fungus attacking aU of these hosts is the same. 

In one experiment conducted in the Pathological Garden at Berke¬ 
ley, Cahf., and desimed to prove the pathogenicity of the ring-spot 
fungus, cauhflower leaves heavily infected with ring spot and also 
having some gray leaf-spot lesions, were suspended over each of 12 
half-grown cauliflower plants. There was a heavy fog at the time, 
and this, together with some rain at intervals, kept the plants wet ‘ 
most of the time for three days and nights. Likewise, similarly 
affected leaves were suspended over some cab^ge seedlings growing 
near. Six days later numerous small dark lesions were present on 
many of the cauliflower as well as the cabbage leaves. These proved 
to be due to Alterimria herculea^ the lesions caused by the ring-spot 
fungus not being distinguishable as such until more than a week later. 
Under the conditions of the test, the A, hercndea lesions deVeloped 
much more rapidly than did those of the ring-spot fungus. Some of the 
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A. Tierculea lesions on the cabbage seedlings are shown in Plate 1, E, 
as they appeared 13 days after inoculation. 

Since Alternaria Tierculea is so commonly present in some of the 
cauliflower fields in the Colma district, and as this cauliflower is 
held for several days in refrigerator cars and on the market before 
it reaches the consumer, the question arises as to what effect this 
fungus may have on the curd. To determine this point the following 
experiment was conducted. A medium-sized head of cauliflower 
was washed under the tap, placed in a battery jar lined with moist 
filter paper, and inoculated by*placing on it in several places small 
amounts of hyphae from an 8-day old culture of A, Tierculea. The 
battery jar was then covered with a glass lid and held at room 
temperature (20® to 25® C.). A very slight amount of decay was 
observed on the third day after the inocmations were made. The 
decay developed slowly, as may be inferred from the condition of 
the head at the end of a week, as shown in Plate 2. It appeared from 
this experiment that A. Tierculea can cause a decay of the.curd; but, 
under the conditions of the experiment, the rot progressed very 
slowij?^. The character of this rot and the appearance of the lesions 
are very similar to those caused by A. hrassicae, as described in a 
former paper (ff). The decay, however, does not develop as rapidly 
as does that caused by the latter fungus. 

Another experiment was then conducted to determine whether any 
decay would occur at temperatures more nearly approaching those 
existing in a refrigerator car. Four heads were inoculated as in the 
above experiment, and held at temperatures of 0®, 2®, 4.5®, and 9® C., 
respectively. Observations made a month later showed that at 0® 
the fungus had caused a decay extending 2 to 3 mm. in depth, and 
covering an area slightly larger than the inoculum. The decayed 
tissues were quite soft and moist and were lighter in color than the 
surrounding healthy tissues. At 2® the fungus had decayed about 
1 c. c. of the tissues upon which the inoculum had been placed. 
The infected tissues were brownish, soft and moist, and a micro¬ 
scopic study showed them to be filled with mycelium penetrating in 
every direction. The cellular structure was almost entirely dis¬ 
organized. A few isolated cells were seen, but for the most part the 
tissues had been replaced by the fungus. The decayed tissues had 
an odor common to decaying cauliflower, but not the foul odor 
characteristic of .bacterial rots of this host. At 4.5® and 9® C. the 
amount of decay was only slightly greater than that at 2®. A. 
Tierculea was recovered in pure culture from the decayed tissues at 
all four temperatures. This experiment, although on a very limited 
scale, indicates that this fungus can decay the curd of cauliflower, 
even at teniperatures similar to those to which the cauliflower is 
subjected in the refrigerator car. However, the fungus’ develops 
slowly and ordinarily will not cause much damage to cauliflower 
during the time it is in transit. 

SUMMARY 

A leaf s^t of cruciferous plants caused by Alternaria Tierculea (EH, 
& Mart.). Elliott, which was quite prevalent in the vegetable section 
just south of San Francisco, Calif., in the season of 1923-24 is de¬ 
scribed and illustrated. This disease is quite similar to the leaf spot 
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caused by Alternaria hrissicae, and is no doubt frequently confused 
with it. 

The parasitism of the fungus on cabbage, cauliflower, Chinese 
cabbage, and rutabaga was proved. 

Alternaria herculea can cause a slow decay of the curd of cauli¬ 
flower at temperatures of 0°, 2°, 4.5°, 9°, and 20° to 25° C. 
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HERITABILITY OF DIFFERENT RATES OF SHEDDING 

IN COTTON* 


By Thomas’^H. Kearney, Senior PhymologUt in Charge^ and Robert H, 

Peebles, Scieniijic Aid, Bureau of Plant Industry, Office oj Alkali and Drought 

Resisiani Plants, United States Department of Agriculture 

INTRODUCTION 

The shedding of flower buds and young bolls of cotton has been 
the subject of several investigations in which shedding has been con¬ 
sidered from the physiological point of view and with especial refer¬ 
ence to the influence of environmental factors. A survey of the 
literature of this phase of the subject would be out of place here, 
but publications by Balls (f, p. 67-7J^), Thornton {28)) Lloyd {15) 
16)) Harland (<5), Ewing (4)j Cook (5), McKiUop {17)) Mason {18) 
19)) Jivanna Rao {12)) Prescott {22)) Zaitzev and Hilson {11) 
may be cited in this connection. 

Shedding has been little studied from the point of view of heredity, 
but there are published data which make it reasonably certain that 
genetic factors are involved. Harland (5, p. 7S), summarizing ob¬ 
servations made by him on the island of St. Vincent, W. I., states: 

In hybrids between types differing in the bud-shedding habit, it has been 
established that when sea island is crossed with a West Indian native in w’hich 
the bud-shedding habit is developed, the Fi exhibits this bud-shedding. * * * 

Crosses betw'een upland and West Indian native give rise to an Fi which does 
not shed its buds. 

Ewing (4, p. 64) 66) found differences in the rate of shedding of 
different varieties of upland cotton. Cook (5) remarks: 

A genetic factor is plainly indicated in plants that abort all of their buds, 
w^hile their neighbors mature good crops. Egyptian cotton may retain nearly 
ail of its buds and 5 ’oung bolls while upland varieties in adjacent rows are shed¬ 
ding nearly all of their buds. 

Patel {20)) comparing six strains of a variety cultivated in India 
and referred by him to Gossypium Tierbaceum L., found that the three 
strains which gave the highest percentages of bud shedding in 1920-21 
also gave the highest percentages in 1921-22. The one strain which 
was highest of all in bud shedding in both seasons also ranked highest 
in percentage boll shedding in three successive seasons. 

The comparative boll shedding of the Pima variety, representing 
the Egyptian type of cotton, and of several varieties of the upland 
type, was studied by King, Loomis, and Varmette {14, P- 648) at 
the United States Field Station, Sacaton, Ariz. In this case the 
comparison is between different species, Egyptian cotton belonging 
to the group containing sea island cotton {G.^arhadense L.) and the 
upland varieties belonging to G. Mrsiitum L. King and his coworkers 
state in regard to their findings: 

Pima cotton in 1922 retained 82.5 per cent of its bolls and in 1923 70.7 per 
cent, under conditions where upland varieties usually retained less than 30 per 
cent of their bolls. 


I Received for publication Mar 19,1^; issued October, 1926. 

* Reference Is made by number (italic) to “‘Literature cited,” p. 660. 
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The existence of a difference of this magnitude between the two 
types is not surprising in view of the differences in tissue-fluid prop¬ 
erties discovered by Harris and his coworkers (d, 7, S, 9) and the 
numerous and striking morphological differences between Egyptian 
and upland cottons, some of which have been summarized by Kear¬ 
ney (13, p, 4^)- 

A study of hybrids between Pima Egyptian and Acala upland 
cotton, grown at Sacaton, Ariz., in 1925, has given additional evidence 
that there are genetic variations in shedding. The comparative 
shedding rates of the parental types will first be considered. 

COMPARATIVE SHEDDING OF PIMA EGYPTIAN AND ACALA 

UPLAND COTTONS 

Shedding records were kept on plants of Pima and of Acala cotton 
grown under as nearly as practicable identical conditions at the 
United States Field Station, Sacaton, Ariz., in 1923, 1924, and 1925, 
and at the United States Cotton Field Station at Shatter, Calif., in 
1923.® 

The records from which were computed the sheddmg percentages 
took account only of primary or extra-axillary buds and flowers 
borne on the fruiting branches of the main stalk. Secondary or 
axillary buds and flowers, such as appear at many nodes of the fruiting 
branches, were ignored, as well as m buds and flowers borne on the 
vegetative branches or limbs. The justification for this procedure is 
that individual plants differ greatly in the productidn of vegetative 
branches and of axillary flower buds on the fruitirg branches, and 
the shedding of buds and young bolls borne in these positions seems 
to be more readily affected by slight variations of t|ie environment 
than is the case with those borne in the extra-axillary position on the 
fruiting branches of the main stalk.^ 

The seasonal shedding percentages, as given in Table 1, were com¬ 
puted from the total number of flower buds produced and shed and 
the total number of flowers produced and shed (as young bolls) by 
all plants in each population, taken as one array. The standard 
deviations and probable errors of the mean percentages were com¬ 
puted from the squared departures of the individual plant per¬ 
centages from the mean percentage of the whole population, each 
squared departure having been weighted for number of buds or of 
flowers on the plant in question. 

It is evident from the data in Table 1 that the percentage of bud 
. shedding (abscission before anthesis) of the two types did not differ 
significantly either in 1924 or in 1925. But in percentage of boll 
shedding (abscission after anthesis) the two types differed greatly 
and very significantly in ail four comparisons. The Acala percentage 
was from 4.2 to 7.4 times the Pima percentage and the difference 
was from 14 to 35 times its probable error. 

a Tbe records were kept at Sacaton in 1923 by Max Willett and Dow B. Porter, of the Office of Alkali and 
Brwight Kesistant Plants; at Shafter in 1923 by Robert H. Peebles, of the same office; and at Sacaton in 
1924 and 1925 by Harold P. Loomis, of the Office of Acclimatization and Adaptation irf Crop Plants. The 
writers are indebted to O. F. Cook for the use of Mr. Loomises data. 

t C. J, King has called the writers* attention to the fact that in the Pima variety, at least, the effective 
shedding, as shown by the number of vae^t nodes on the fruiting branches at the end of the season, is 
much le^ than is indicated by the shedding po'centages based on extra*axi]lmy buds only, since bolls 
dev^p from secondary or axitoy buds at many of the nodes from which the primary or extra-axillary bud 
had been recorded as shed. This obsarvation is important from the point of view of ultimate yield but doe s 
ncA ffifferi: the validity of the comparison of the two typ^ of cotton in this paper. 
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Table 1,— Seasonal shedding percentages of Egyptian cotton (Pima variety) and 
upland cotton (Acala variety) in 1923y 1924t and 1925 





Bud shedding i Boll shedding 

Variety 

Year 

station 

Num¬ 
ber of 
plants 

Num¬ 
ber of 
buds 

Percentage of 

Percent¬ 
age shed 

Pima... 

1923 

Sacaton, -\riz_ 

20 

1,317 

39,4±0.S9 ' 40'1,565 

15.5d=1.48 

Acala.. 

1923 



40 i 2,340 

69.4i:1.37 

Difference.... 





... ! . ! _ 

53.9±2.02 

Pima. 

1923 

Shafter, Calif._ 

20 

955 

52.1±1.03 1 30 ! 590 

9.3±1.35 

-4cala.. 

1923 




.--i 40 1 1,240 

68.9±1.0l 

Difference.... 




i 

■.. 


59.6± 1.69 

Pima.. 

1924 

Sacaton, .^.riz.. 

20 

1,445 ! 

37.4±0.99 ' 20 I 904 1 

19.1± 1.71 

Acala... 

; 1924 i 

.do--. 

20 

i,m 1 

36.2±1.36 20 , 1,202 i 

........ ' 1 

S0.7±l.ll 

Difference.... 


j 



L2-»-1.68 ;.i.1 

61.C±2.04 

Pima.. 

1925 

Sacaton, Ariz.. 

20 

1,791 

43.9±L19 : 20 11,004 1 

11.2db3.62 

Acala- 

1925 i 

.do-. 

; 20 

1,796 

1 . 

47.4±1.27 20 i 945 | 

1 66.7±1.S3 

Difference.... 





3.5d=1.74 ' . i . i 

i 55.5±4.06 





i 




® Bud shedding was not recorded on the Acala plants in 1^G3. 


COMPARATIVE SHEDDING IN Fj AND Fa OF THE HYBRID 

PIMA X ACALA 

The material representing this interspecific hybrid consisted of 
10 first-generation and 91 second-generation plants, all grown in the 
same plot at the United States Field Station, Sacaton, Ariz., in 1925. 
The Fi plants were near the south end of row 1. Of the plants 
68 were scattered through the entire length of row 2, and 23 were in 
the south one-third of row 3. As was the case in recording the 
shedding of the parental types, only the primary or extra-axillary 
flower buds borne on the fruiting branches of the main stalk were 
considered. 

Ail flowers opening during the period from June 17 to September 8 
(84 days) were tagged daily and a daily record of bolls shed was kept 
for each plant. From these data the seasonal boll-shedding percent¬ 
age (bolls shed as a percentage of total flowers) was computed for 
each plant. After the daily recording was terminated, counts were 
made on each plant of the total number of nodes on the fruiting 
branches of the main stalk and of the number of nodes at which the 
primary or extra-axillary bud or boll was missing. Subtraction 
from the latter number of the number of nodes at which shedding had 
occurred after anthesis, as shown by the daily records of boll shedding, 
gave the number of buds shed before anthesis, and this number, 
relative to the total number of nodes on the fruiting branches, gave 
the seasonal percentage bud shedding for each plant. 

The frequency distributions of the shedding percentages (in classes 
of 5 per cent each) of the Fi and F^ populations are given in Table 2 
and are shown graphically in Figure 1. The mean shedding per¬ 
centages and their standard deviations, for each population, are 
stated in Table 3. The means were computed from the percentage 
of the individual plants, not from the distributions by classes as 
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given in Table 2. The standard deviations and probable errors were 
computed from the departures of the individual plant percentages 
from the mean percentage of the population.® 

Table 2. —Frequencij didrib idiom of 'percentage of hud shedding and percentage of 
boll shedding on 10 Fi plants and 91 Fo plants of PimaY^Acala 


Percentage 

Number of plants 1 

Percentage 

Number of plants 

1 ; 

Bud 1 Boll i 

shedfling j shedding ; 

Bud 

shedding 

Boll 

shedding 

i 1 

F, , F2 Fi 

I 

Fa 


Fi 

Fa 

F, 

Fa 

0-5 . . . . 


; 

51-55. 


5 


11 

6-10 . 

4 ' 2 ! 


56-60....- 


1 


8 

11-15 . 

5 8 : 

2 

61-65__ 




6 

16-20- . 

i 7 ' 2 

5 

66-70... 


I 


5 

21-25 

1*8 4 

3 

71—75_ 




2 

20-30 

1 14 i 3 

c 

76-80.-.- 




4 

31-35 

1 12 . 1 

10 

81-85.... 


1 



36-40.. 

11 ; 

7 

86-90__ 




2 

41-45 

: 10 : 

: 10 i 

91-95.... 





46-50. 

n 

; 01 

96-100... 




1 










Table 3. —Mean bud and boll shedding percentages and their standard deviations 
in Fi and Fo populations of PimaXAcala 


r' 

1 Num- 

1 

1 

Bud-shedding percentage 

Boll-shedding percentage 

i ber of 
plants 

! 

Generation * 

Alean 

Standard 

deviation 

Mean 

Standard 

deviation 

1 10 

i 91 

Fi. 

Fa. 

12. 9=lrl. 42 
: 27.2±1.28 

i 

6.66±1.00 
18.17± . 91 ! 

i 

j 23.7d=1.20 
i 47.2±1.29 

5.64±0.85 
18.30± .91 

1 

; Difference. 

i D/E .. 

i 

I - 

i 14,3±1.91 

1 7.5 

1 11.51±1.35 
8.5 

1 

! 23.5d=1.76 
; 13.3 

12.66±1.24 
10.2 


« Difference divided by its probable error. 

A comparison of the mean shedding percentages of the hybrids 
(Table 3) with those of the parent varieties in 1925 (bottom section 
of Table 1) is not very satisfactory, owing to the fact that the parental 
and the hybrid poprdations were grown in different fields. It is true 
that the plants of all four populations made an excellent growth, but 
the fact that the bud shedding of both Pima and Acala was approxi¬ 
mately 45 per cent, whereas in Fi and F 2 of the hybrid it was only 
13 and 27 per cent, respectively, indicates a radical difference in the 
conditions under which the parents and hybrids were grown. The 
relative boll shedding of the four populations is more in line with 
the expectation, the mean percentages having been: Pima, 11; Fi, 24; 
F 2 , 47; Acala, 67. In this case the means of both hybrid generations 
were between those of the parents. 


5 Tbe standard deviations of the mean percentages have been increased by using Pearson’s correction 
for the standard deviation of small numbers (ff, p. SiBS}. A further increase of the standard deviation has 
been made on the basis suggested by Collins and Kempton (S), who present the matter as follows: “Since 
tbe fluctuations in ratios due to errors of^mpling become smaller as the ratio departs from 0.5 and the 
Stengels measured by the change inVpSjithe observed standard deviations have been multiplied by 

This changes the standard deviation to that expected had the ratio been 0.5 or 50 per cent.” The 
emMTs computed from the standard deviations as thus corrected. 



































Oct. 1, i«2n 


Heritability of Shedding in Cotton 


655 


? ^ 1 1 

!« SS is !§ X 

P ^ 

1 

5 <o fSj rS <8 5 




1 


Ss 


-id 









n 




r 


I 











—1 






r 

L_ 













SM£DDWG P£BC£Nr^G£ 


/S 


Comparing the mean shedding percentages of the two hybrid 
generations as given in Table 3 it is seen that the rate of shedding, 
both of buds and bolls, was approximately twice as great in F 2 as in 
Fi. The difference Fa-Fi is veiy signifiemit in both cases, having 
been, respectively, 7.5 and 13.3 times its probable error. Comparison 
of the standard deviatiors of the two generations shows F 2 to have 
been nearly three times as variable as Fi in bud shedding and more 
than three times as variable in boll shedding. Here again the 
difference F 2 -F 1 is very significant, having been, respectively, 8.5 
and 10.2 times its probable error. 

The F 2 frequency distributions for percentage bud shedding and 
percentage boll shedding (Table 2 and Figure 1) give no indication 
of segregation in definite ratios, the presumption being that several 
genetic factors are involved. Shedding therefore behaves like most of 
the morj)hological char- 
acters in Egyptian- 
upland cotton hybrids 
{IS, pp. 15-26, jigs. 

3-41)i and the inherit¬ 
ance is of the type usu¬ 
ally observed in size 
characters. 

A strong presump¬ 
tion that there was 
Mendelian segregation 
in respect to shedding 
is created by the fact 
that the second gener¬ 
ation was so much 
more variable than the 
first. The individual ^ 
bud-shedding percent- ^ 
ages ranged from 6 to ^ 

82 in F 2 but only from 
8 to 22 in Fi. The 
boll-shedding percent¬ 
ages ranged from 13 to 
100 in F 2 but only from 
16 to 31 in Fi. In re¬ 
spect to both percentages the standard deviation was approximately 
three times as great in F 2 as in Fj. 

Further evidence of segregation might have been had by compar¬ 
ing the shedding performance of the two hybrid generations with 
that of the inbred Pima and Acala families to vrhich the parents of 
the hybrid belonged. Small progenies of both families were grown 
in 1925, but through an oversight shedding data were not obtained 
from them. Comparison with the Pima and Acala populations which 
afforded the data given in the bottom section of Table 1 would be 
of no use in this connection, because these populations were of the 
general commercial stocks of these^ varieties and, moreover, were 
grown in a different field from that in which the hybrid populations 
were located. 

It has been mentioned that whereas the Fi plants were located near 
the south end of row 1, the F 2 plants were distributed throughoul 
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Fig. 1.— Frequency distributions of percentage of bud shedding and 
percentage of boll shedding of 10 Fi plants and 91 Fs plants of the 
cotton hybrid PimaX Acala. The figures on the ordinate indicate 
the numbers of plants in the respective class, and the figures on the 
abscissa indicate the shedding percentages in classes of 5 per cent 
each. The dotted lines represent the Fi distributions and the 
solid lines the Fa distributions 
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length of row 2 and the south one-third of row 3. Because of the 
recognized importance of soil heterogeneity at the Sacaton station 
(10, p. 609-812), this wider distribution of^ the plants may well 
have been a factor in the much greater variation in the F 2 . To 
test this point, the statistical constants were separately computed 
for 12 F 2 plants which were located at the south end of row 2 and 
occupied a section exactly coterminous wdth that occupied by the 10 
Fi plants in the adjacent row 1. The constants for this portion of the 
F 2 population, in comparison with Fi, are given in Table 4. 


Table 4. —Comparison of the statistical constants of the Fi population and of a 
portion of the F 2 population of Pima X Acala, the plants of the two generations 
occupying adjacent and coterminous sections of rows 


i 

Shedding percentages 

Generation 

Mean 

Standard 

deviation 

Percentage of bud shedding...... 

1 

Percentage of boll shedding... 

fF 1 . 

12.9dzl.42 
15.7dz2.29 

6.66±1.00 
11.75dzl.61 

\F 2 . 

Difference. 
D/E «.1 

fF 1 .i 

\F 2 . 

2.8dz2.09 
1.0 

5.09drl.89 

2.7 

23.7zt:l. 20 
48.8dz2.08 ! 

5.64dz .85 
10.71±1.47 


Difference. 
D/E. 

25.1±2.40 
10.4 

5.07dzl. 70 
3.0 



® Difference divided by its probable error. 


A comparison of the means of these 12 F 2 plants with those of the 
whole F 2 population of 91 plants (Table 3) shows that the mean 
percentage of bud shedding is little more than half as great as in the 
whole population and the difference is significant (D./E 4.4). On the 
other hand, the mean percentage boll shedding of the sample does not 
differ significantly from that of the whole F 2 population. 

The standard deviation of the mean bud-shedding percentage is 
only 65 per cent and that of the mean boll-shedding percentage is 
only 59 per cent as great in the sample as in the whole F 2 population. 
This fact indicates that soil heterogeneity may have been responsible 
for part of the variability in F 2 shown by the frequency distributions 
in Table 2 and the standard deviations in Table 3. 

Returning to the comparison of adjacent plants of the two genera¬ 
tions, as set forth in Table 4, in which comparison soil heterogeneity 
presumably is eliminated, the mean bud-shedding percentage is not 
significantly higher in F 2 than in Fi, but the mean boll-shedding 
percentage is very significantly higher in F 2 , the difference being 10.4 
times its probable error. The standard deviations of the mean per¬ 
centages show F 2 to have been about twice as variable as Fi, both in 
bud shedding and in boll shedding, although the differences are barely 
significant. But in view of the small numbers of the populations and 
the resulting large probable errors of the standard deviations, signifi¬ 
cant differences were hardly to have been expected. 

While the position of the Fi plants in an outside row may have given 
them a slight advantage, the adjacent F 2 plants made an excellent 
growth and it is unlikely that this difference in environment could 
have been a material factor in the heavier rate of boll shedding and 
m the greater variability in both bud shedding and boll shedding of 
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the F 2 population. On the whole, the evidence from this closer 
comparison of Fi and F 2 does not seriously weaken the conclusion that 
genetic factors are involved in the shedding performance of this 
hybrid. 

GENETIC VARIATION SHOWN BY COMPARING ADJACENT 

Fa PLANTS 

Further evidence as to whether genetic factors are concerned in 
shedding was sought by comparing the shedding percentages of 
pairs of F 2 plants, the tw^o plants in each comparison having been 
adjacent in the ro’w. This procedure virtually eliminates the in¬ 
fluence of soil heterogeneity. The Pima X Acala F 2 population 
afforded 56 such comparisons, involving 79 of the 91 plants.® Sig¬ 
nificant differences (difference three or more times its probable error) 
were shown by 30 of the 56 pairs in percentage of bud shedding and by 
28 pairs in percentage of boll shedding. 

A means of e:^ressing concisely what may be termed the non- 
fortuitous variation in a population is afforded by comparing the 
standard deviation computed from the mean squared differences 
between pairs with the standard deviation expected if only chance 
variation had occurred. Since in the observed standard deviation 
as thus computed the effect of soil heterogeneity is virtually elimi¬ 
nated, the amount by which it exceeds the expected standard devia¬ 
tion may be taken to represent the amoxmt of variation due to genetic 
factors. 

The observed and expected standard deviations were computed 
for the percentages of bud shedding and boll shedding in the Pima X 
Acala F 2 population of 1925. Also, for comparison, these standard 
deviations were computed for a pouplation of 100 plants of Pima 
cotton, consecutive in the row, on which shedding was recorded at 
Sacaton in 1922. Eleven of the 99 pairs of Pima plants differed 
significantly in respect to bud shedding and 10 pairs in respect to 
boll shedding. 

The standard deviations based upon these comparisons of paired 
plants are given in Table 5. 

In Pima X Acala F 2 the observed standard deviation is about 3 
times the expected standard deviation, for both the bud-shedding 
and the boll-shedding percentage, and the difference in both cases 
is highly significant, being about 10 times its probable error. It is 
clear that the individual differences in shedding in this population 
are largely of a genetic nature. 

In the relatively homogenous Pima population, on the other hand, 
the observed standard deviation only slightly exceeds the expected 
standard deviation for the bud-shedding and boll-shedding percent¬ 
ages, but the difference in each case appears to be significant (about 
3.5 times its probable error).*^ 


« Numerous plants on which flowers had been bagged for self-fertUization were scattered through the 
row and th^ were not used; hence the reduced number of comparisons. 

7 The correlation of adja(?eiit plants in respect to percentage of bud shedding was pcsitWe in both popula¬ 
tions. In PimaX Acala Fs the coefficient was not significant, having been -i-0.167i.087 (1.9 times the 
probable error). It is not unlikely that the pronounced differences of a genetic nature in this case obscured 
the effect of soil heterc^eneity. In the Pima population the coefficient was -f0.20li.066 <3.1 times the 
probable error). The low ccarrelations in both populations indicate that soil beter<«en,eity was not very 
pronounced where they were grown. 
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Table 5.— Observed and expected standard deviations of the mean shedding per¬ 
centages in Pima X Aceda Fn of 1Q25 and in a Pima population of 1922 


i Pima X Acala F 2 (79 
i plants, oG paired eom- 
' parisoiis) 

Pima (100 plants, 09 
paired comparisons) 

Standard deviation 

i Mean per¬ 
centage of 
i bud 

I shedding 

IVIean per- 
contaee of 
boil 

shedding 

Mean per¬ 
centage of 
bud 

shedding 

Mean per¬ 
centage of 
boll 

shedding 

Observed «...j I5.n=h0.96 

Expected ... 1 4.93 

1 

20.38±1.30 
7.10 

5,32±0.255 
4.40 

5.32zi=0.255 
4.46 

Difference..... 1 10 . ISi.QG 

13.2«d=1.30 

10.2 

. 92± . 255 
3.6 

.86± .255 
3.4 


a The formula is: 



V 2 Where d—the difference between members of a pair and 


£=the probable error of th^difference. 

The formula is: where p is the observed shedding percentage of the population (as one 

array) 5 =l(X)-p and II the harmonic mean number of buds (or flowers). S is computed by the 


1 


formula where n is the number of squares (or flowers) on each plant and JV the number of plants 

involved in the series of pairs 


CORRELATION BETWEEN BUD SHEDDING AND BOLL SHEDDING 

Correlating, for the 91 plants of PimaXAcala F 2 , grown in 1925, 
the percentage bud shedding with the percentage boll shedding, a 
value for r of +0.201 ±.068 was obtained. The coeifficient is doubt¬ 
fully significant, being slightly less than three times its probable 
error. The bud shedding and boll shedding percentages of 100 Pima- 
plants at Sacaton, Ariz., in 1922 and of 44 Pima plants at Shafter, 
Calif., in 1922 gave coefficients of correlation of —0.116±.067 and ' 
—0.231 ±.096, respectively, neither coefficient being significant. 

A negative correlation between bud shedding and boll shedding 
might be expected on physiological grounds, since if a certain amount 
of self-pruning is assumed to be necessary, heavy shedding of buds 
ought to favor the retention of most of the young bolls. On the 
other hand, a positive correlation might be expected on genetic 
grounds, since plants possessing factoi's conducive to abscission 
would probably show this tendency both before and after anthesis. 
Although none of the above coefficients of correlation appears to be 
significant with respect to its probable error, the fact that the two 
Pima populations of 1922 gave negative correlations indicates that 
here the physiological effect outweighed the genetic, while the positive 
correlation shown in F 2 of the PimaXAcala hybrid denotes a greater 
influence of genetic than of physiological factors in this population. 

SUMMARY AND CONCLUSIONS 


An interspecific cotton hybrid, Pima Egyptian X Acala upland, was 
studied for the purpose of ascertaining whether genetic factors are 
involved in the shedding of the flower buds and the young bolls 
(abscission before and after anthesis). 
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Comparison of populations representing the parental types showed 
practically no difference in the mean percentage of bud shedding but 
a consistently much higher rate of boll shedding in Acala than in 
Pima. 

In both the first and second generations the hybrid gave a much 
lower mean percentage of bud shedding than either parental popula¬ 
tion, while the mean percentage of boll shedding of the hybrid in 
both generations was between the mean percentages of the parental 
types. 

Comparing the two generations of the hybrid, the mean shedding 
percentage, both of buds and of bolls, was about twice as great in 
F 2 as in Fi and the differences were very significant. Comparison 
of the standard deviations of the mean percentages showed F 2 to 
have been approximately three times as variable as Fi and these 
differences also were highly significant. 

Part of the greater variability in the second generation of the 
hybrid may have been due to the fact that the much larger Fo popula¬ 
tion was exposed to a greater range of soil variation than the Fi 
population. When this factor was eliminated by comparing the Fi 
population with an approximately equal number of Fo plants grown 
under the same soil conditions, the difference between the variability 
of the two generations was reduced but the standard deviations of F 2 
were still about twice as great as those of Fi. 

The frequency distributions of the F 2 population for percentage of 
bud shedding and percentage of boll shedding, give no indication of 
segregation in definite ratios. The behavior, which resembles that 
of most size characters in plants and animals, may be interpreted on 
the theory that three or more genetic factors are involved. That 
Mendelian segregation neverthdess occurred, is suggested by the 
fact that the variation was much greater in F 2 than in Fi. 

Further evidence of genetic factors in shedding was obtained by 
comparing the shedding percentages of pairs of adjacent F 2 plants, 
the influence of soil heterogeneity being practically eliminated by this 
procedure. With 56 such pairs, significant differences were found in 
30 cases in respect to bud shedding and in 28 cases in respect to boll 
shedding. 

A comparison of the observed standard deviation computed from 
the mean squared differences between pairs with the standard devia¬ 
tion expected if only chance variation had occurred, showed that in 
Pima X Acala F 2 the observed was about three times the expected 
standard deviation in both bud shedding and boll shedding and the 
differences in both cases were highly significant; whereas, in a popula¬ 
tion of 100 plants of the Pima variety the observed standard devia¬ 
tion was only 1.2 times the expected standard deviation both in bud 
shedding and in boil shedding. The great disparity betvreen the size 
of the observed and the expected standard deviations of the hybrid is 
convincing evidence of genetic differences among the individual F 2 
plants. 

The correlation between the percentage of bud shedding and the 
percentage of boll shedding of the Pima X Acala F 2 population was 
found to be positive, although scarcely significant, while in two 
Pima populations very small and probably not significant negative 
correlaM^ns were found. A positive correlation would be expected 
on genetic groxmds, since genetic factors conducive to a heavy rate 
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of shedding presumably would operate both before and after anthesis. 
On the other hand, from a physiological point of view a negative 
correlation would be anticipated, since, assuming a certain amount 
of self-pruning to be necessary, a heavy rate of shedding before 
anthesis should be favorable to the retention of a greater proportion 
of the young bolls. 

Differences in the rate of shedding of different types and varieties 
of cotton have been pointed out by previous investigators. Such dif¬ 
ferences indicate that shedding is, in part, a genetic phenomenon. 
The investigation described in this paper supplied the evidence that 
there are genetic factors for shedding which segregate and recombine 
in the usual manner. 
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INFECTION AND TEMPERATURE RELATIONS OF BLACK 
ROT OF SWEET POTATOES IN STORAGE' 


By J. I. Laubitzex 

Aswciale Pathologist^ Office of Vegetable and Forage Diseases^ Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Black rot of sweet potatoes {Ipomoea batatas) is of considerable 
economic importance as a storage disease and may be responsible 
for some loss in transit and in the market when conditions are fav¬ 
orable for infection and development. 

Black rot (Ceratostomella Jimbriatnm (E. & H.) Elliot) has its origin 
in the field, but the spores of the fungus may be carried into the 
storage house on the roots of the potato. This disease can be largely 
eliminated from the field through seed selection, disinfection, rota¬ 
tion of crops, and changing of the soil and manure (when manure 
is used for the purpose of heating) in the seed bed. Since, however, 
the disease is probably present in every region where sweet potatoes 
are grown, it continues to be a source of loss in the storage house 
and in the markets. 

Where loss occurs in storage it may range from a fraction of 1 per 
cent to nearly 100 per cent. Poole ^ estimated a storage loss of 75 
per cent in some instances where the field losses were confined to 
a few scattered hills. No figures to show the total loss throughout 
the country are at present available. In fact there seems to be no 
practical method known by which this loss can be accurately de¬ 
termined. 

Although sweet potatoes may show little or no sign of black rot 
at digging time, the disease may develop and spread in the storage 
house.^ The rapidity with whieh this occurs depends upon the 
agencies by which it is spread and the conditions in the storage 
house and the railroad car. The means by which it is spread have 
not been studied, but the following are listed as probable: Contact, 
air movement, rodents, insects, and man. Temperature and hu¬ 
midity are among the most important factors affecting its develop¬ 
ment. ' 

In the present paper a consideration is given to the method of 
infection, the influence of temperature on infection, the development 
of the disease, and the growth of the pathogene in culture. 

MATERIALS 

A pure-line strain of Ceralostomella fimbriatum was employed in 
these experiments. It was grown on com meal and incubated at 
room temperature. 
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Little Stem Jersey was the variety of sweet potato used. The 
potatoes were cured at temperatures ranging from 25° to 30° C. and 
stored at temperatures between 10° and 15°. 

EXPERIMENTAL DATA 

The data will be presented under seven headings; (1) Growth of 
the pathogene, (2) method of infection, (3) time required for infec¬ 
tion, (4) influence of temperature on the development of the disease, 
(5) influence of time on the development of the disease, (6) influence 
of temperature and time on the number of infection, and (7) tem¬ 
perature limits of infection. 

GROWTH OF THE PATHOGENE 

Erlenmeyer flasks (200 c. c. capacity) of sweet-potato agar were 
inoculated with a water spore suspension. By means of a platinum 
loop a small drop of the suspension was placed at the center of the 
culture medium in each flask. The flasks were then placed in in¬ 
fection chambers ^ at different temperatures. The cultures were 
allowed to grow until those at the optimum temperatures had nearly 
reached the margin of the medium, so as to permit as much growth 
as possible at the border temperatures. This arrangement was 
desirable in order to compare the growth of the organism over a wide 
range of temperatures at a given time. It was not possible to bridge 
the entire temperature growth range with the size of flasks used. 
At 12° C. and below and at 34.5° and above little or no growth 
occurred in 16 days, the time required for the organism almost to 
cover the culture medium at the optimum temperatures. The 
cultures held at these temperatures were retained until a later date 
to allow for any further development. 

The measxirements were made by means of special calipers devised 
for that purpose.® They consisted of two metal plates drawn out to 
a point at the ends and fastened at the centers, so that they could 
open and close like a pair of scissors. These were inserted in the 
flasks when closed and then spread out so that the two points were at 
opposite margins of a colony. The distance was then measured 
between the points at the opposite end of the calipers. 

The results recorded in Table 1 represent the average of two 
experiments. No growth took place at 40° C. in 16 days and none 
at 36° in either 16 or 40 days. Some growth occurred at 34.5° in 
16 days. This temperature is very near the maximum, as is indicated 
by the large decrease in growth which occurred as the temperature 
was raised from 33.5° to 34.5°. There was growth in 5 of the 12 
cultures at 33.5° in 16 days. Two of the cultures showed consider¬ 
able growth and three but little. These three, together with the 
seven which had shown no growth, were retained at the same tem¬ 
perature for 24 days longer. At the end of the 24 days two of the 
three were contaminated, but the third showed an area of only 2 
square mm. Two of the seven were, also contaminated, but the 
other five showed no growth. 


^ LAXTRmKN, J. I., and Harter, L. L. species oe rhizoptis responsible for the decay of sweet 

POTATOES IN the STORAGE HOUSE AND AT DIFFERENT TEMPERATURES IN INFECTION CHAMBERS. JoUt. 
Art. Boseacdi 24: 441-4^ illos. 1923. 

« Tile eaUpers were deYi^ by Ge(Hge F. Taylor, of the Office of Horticulture. U. S. Department of Agri- 
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Table 1 .—Growth of Ceratostomella fimbriatum on sweet-potato agar at different 

temperatures 


Number 1 
of flasks 1 
inoculated; 

Number 
of colonies 
measured 

Length 
of growth 
period 

Temper¬ 

ature 

Average 
area of 
lesions 

Remarks 



Itays 


Sff. mm. 


5 

0 

16 

40.0 

0 

No growth in 3 flasks; 2 contaminated. 

12 

0 

16 

36.0 

0 

5 

1 

16 

34.5 

5 


12 

5 

16 

33.5 

155 

No growth in 7 flasks; growth in 5. 

12 

; 12 

16 

31.5 

950 

17 

1 16 

16 

2a 5 

1,782 


10 

[ S 

16 

27.0 

1,951 

2 cultures contaminated. 

16 

15 

16 

24.5 

1,929 

1 culture contaminated. 

16 

1 14 

16 

23.0 

1,884 

2 cultures contaminated. 

16 

12 

16 

20.0 

1,212 

4 cultures contaminated. 

16 

12 

16 

18.5 

766 

Do. 

10 

11 

9 

16 

16 

14.0 
12.0 ! 

61 

1 to 2 mm. of growth in all cultures. 

11 


16 

9.5 i 

0 

11 


16 

8.0 

0 1 


11 


40 

36.0 ! 

0 1 

No growth in 9 cultures; 4 cultures contaminated. 

10 

1 

40 

33.5 

2 1 

No growth in 5 cultures; 4 cultures contaminated. 

11 

S 

55 

12.0 

65 

3 cultures contaminated. 

11 1 

1 

0 

55 

9.5 

0 ! 

No growth in 9 cultures; 1 contaminated; 1 doubtful 
colony. 

11 : 

0 

55 

8.0 

0 


5 

1 

73 

14,0 

3,019 

4 cultures contaminated. 

5 

2 

73 

11.5 

647 

2 cultures contaminated. 

5 

0 

73 

10.0 


Just a speck in 2; 1 culture contaminated; no growth 
in 2. 


The lowest temperature at which there was any evidence of growth 
was 9.5° C. The growth at 10° was scarcely visible after 73 days. 
•The greatest growth in 10 days occurred at 27° C., but it was only 
slightly greater than that at 2^5°. Some variation was noted in the 
results of the two experiments, the greatest growth in one occurring 
at 28° and in the other at 27°. The difference in the amount of 
growth which occurred between 23° and 28.5° was small. It may 
be said, therefore, that the optimum is represented by this range of 
temperature. 

There was a marked increase in the growth of the^fungus with the 
rise in temperature from 14° to 23° C. This augmented growth was 
due to two factors, namely, temperature and the area of the medium 
exposed to the action of the fungus. Since the growth of a colony 
takes place chiefly-at the periphery, the area of growth is closely 
proportional to the circumference as long as the margin of the medium 
is not reached. Since the colony is larger at the higher temperature 
at any moment after growth begins, the area of growth is larger.® 
This difference in area is progressively augmented with the lapse of 
time. Thus we have two variable factors, varying in the same direc¬ 
tion and combining in a greatly increased rate of growth with a rise 
in temperature. This relation operates in the opposite direction as 
we pass from the optimum temperature to the maximum. The range 
of temperature, however, is narrower. The relation of growth of the 
fungus to rise in temperature is graphically represented in Figure 1. 

METHOD OP INFECTION - , 

The data relating to the method of infection were obtained from 
two experiments. In the first the potatoes were inoculated by 


8 Laukitzen, J. I., and Harter, L. L. the influence of temperature on the infection and decay 
OP sweet potatoes by different species of RHizopuSi Jour. Agr. Research 30: 793-810, illus. 1925. 
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dipping in a spore suspension of the fungus. They were then placed 
in battery jars and distributed to various temperatures. After 17 
days 123 lesions on potatoes that had been exposed to various 
temperatures were examined to determine whether or not infection 
had taken place through the uninjured skin. In all doubtful cases 
they were examined under the hand lens to make sure of the presence 
or absence of defects at the point of infection. Seven lesions showed 
a complete absence of any sign of defect or disturbance in the skin 
at the point of infection; 2 showed very slight abrasions; 70 showed 





abrasions or apparent disturbances at the center. In 41 cases in- 
fection occurred where rootlets emerged from the potatoes and in 
3 cases it occurred through wounds. 

In the second experiment the potatoes were inoculated as in the 
first, but were stored at various temperatures in wire baskets instead 
of in battery jars. One hundred and thirty-six lesions were examined. 
Infection appeared to have occurred through the uninjured skin in 
6^ cases. There wore definite abrasions or disturbances in the surface 
tissue of 119 lesions. Infection occurred through rootlets in the 
remaining 11 cases: 

The results of these experiments indicate that infection may some¬ 
times take place through the uninjured skin. It would seem that 
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as a rule the pathogene penetrates the tissue of the host where the 
skin offers the least resistance, although, of course, it is possible that 
the slight abrasions or defects in the skin may have been developed 
as a result of the action of the fungus. 

TIME REQUIRED FOR INFECTION 

Infection had occurred at temperatures of 23°, 24°, and 27°C. 
in 4 days; at 31°, 28°, and 20° in 5 days; at 18.5° in 6 days; and at 
14° in 8 days. Judging by the size of the lesions, infection occurred 
at the various temperatures in the following order: 25° (3.4 mm. 
diameter), 28° (2.6 mm.), 23° (2.1 mm.), 31° (1.9 mm.), 20° (1.4 
mm.). These measurements are the average diameters of 5 spots 
in each case at the end of 5 days. The average diameter of 5 lesions 
after 8 days at 14° was 1.4 mm. and at 18° 3.3 mm. The time re¬ 
quired for infection to become evident varied from 4 to 8 days over a 
range of temperatures from 14° to 31°. 

INFLUENCE OP TEMPERATURE ON THE DEVELOPMENT OP THE DISEASE 

Various methods were employed to measure the influence of tem¬ 
perature on the development of disease. In the first experiments 
the potatoes were inoculated by dipping in a spore suspension. They 
were then maintained at various temperatures for a period of 21 
days. After 13 and 21 days the diameters of the lesions were meas¬ 
ured by means of a caliper. Two methods of estimating the 
quantity of decay present at the various temperatures were employed. 
First, the diameter of the lesions was measured, and second, the 
area of the lesions was determined. The data were computed from 
two experiments by selecting the 10 largest lesions at each tempera¬ 
ture in each experiment and striking an average of the 20 lesions. 
The area was determined by computing the area of each lesion and 
striking an average of the 20 areas. The use of the largest lesions 
that develop at each temperature as a standard of measurement is 
open to criticism, because in some instances (at the border tempera¬ 
tures) the number of lesions may have been too small for comparison 
with those where there was a larger number to select from. More¬ 
over, by this method the amount of decay that occurs at all tempera¬ 
tures is exaggerated. However, the general relations found are 
fairly comparable to those obtained by other methods. 

Table 2 .—Influence of temperature on infection of sweet potato by black rot and 
development of the disease after 13 and 31 days 


Tem¬ 

pera¬ 

ture 

Diameter of le¬ 
sions after— 

Area of lesions 
after— 

13 days 

21 days 

13 days 

21 days 


Mm. 

Mm. 

Sq. mm. 

Sq.mm. 

344 

0 

0 

0 

0 

32.0 

4 4 

7.6 

15 

48 

29.0 

10.0 

17.1 

82 

232 

24.3 

11.2 

17.8 

98 

254 

23.0 

11.2 

16.6 

100 

211 

20.0 

6.6 

11.2 

36 

99 

18.0 

6.8 

10.8 

34 

92 

14 3 

2.6 

5.0 

5 

20 

11.6 

0 

0 

0 

0 
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The data for these experiments are recorded in Table 2 and are 
graphically illustrated in Figure 2. The minimum temperature for in¬ 
fection for the time employed lies between 11.6° and 14.3° C., the maxi¬ 
mum between 32° and 34.4°, and the optimum between 23° and 29°. 



/S £0, 2S 3Q 3S 
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Fig. 2.—Curves representing the enlargement of lesions caused by Ceratostomella fimhriatum after 

13 and 21 days 

The effect of the passage of time was to enlarge the scope of the 
decay, except at 11.6° and 34.4° C., where there was none. More 
time would have allowed the limits of the infected areas to widen 
slightly. The difference in the amount of decay after the two 
periods of time (13 and 21 days) becomes progressively larger as the 
temperatures change from the maximum and minimum to the opti- 
smia. This relation is well illustrated by the area curves. 
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The diameter of fungus colonies and of fungus lesions have been 
used by other writers as a measure of the growth phenomena involved 
in the two cases. Although this standard affords a means of compar¬ 
ing the effect of different temperatures, it does not show the true 
relation of temperature either to the growth of the fimgus or the decay 
involved in the enlargement of lesions of this type. The area of the 
lesions comes more nearly representing the actual quantity of decay 
(where the latter is a surface phenomenon) at a given temperature, 
and therefore the relation of decay to the different temperatures. 
The difference between the diameter curves and the area curves is 
striking (fig. 2); so striking, in fact, that one sees no good reason for 
using diameter as a measure of the amount of decay. 

In the preceding experiments a comparison was made of the large 
lesions only that developed at the different temperatures. It seemed 
probable that there would be considerable variation in the rate of 
development in the various lesions, and consequently that a different 
relation might be found if the total number of lesions that developed 
at the various temperatures were used as a basis of comparison. 

Table 3 .—Influence of temperature on infection of the sweet potato by black rot 
and on enlargement of the lesions after 11 days 


Psychrom- 
eter readings 

Depres¬ 
sion of 
wet bulb 

Average 
area of 
lesions 

Number 
of lesions 

® C, 

36.0-34,6 

® C. 

1.4 

Sq.mm. 

0 

0 

33.0-31.8 

1.2 

0 

0 

31.5-28.9 

2.6 

16 

3 

29.5-27.8 

1.7 

31 

32 

27.0-25.0 

2.0 

' 73 

! 35 

24.0-23.0 

1.0 

58 

74 

23.0-22.0 

1.0 

l 49 

163 

20.0-19.1 

0.9 

27 

165 

18.5-18.0 

.5 

20 

152 

14.0-13.6 

.4 

7 

22 

11.8-11.0 

.8 

0 

0 

9.5- 9.3 

.2 

0 

0 

8.0-7.8 

.2 

0 

0 


Table 3 gives the results of an experiment where 20 potatoes were 
inoculated in a spore suspension and placed at each of several tem¬ 
peratures. After 11 days all the lesions that had developed were 
measured. It will be noted that the number of lesions is somewhat 
smaller at the border temperatures than at the intervening tempera¬ 
tures. How greatly this fact influences the total area of lesions at a 
given temperature can not be stated with certainty, but judging from 
the curves obtained it seems improbable that the effect is large (fig. 3). 
There seems to be some correlation between the humidity of the air 
and the number of lesions, although the difference in the number of 
lesions at 24® and 23® C. is rather large, notv^ithstanding the fact 
that the depression of the wet bulb is the same at both temperatures. 

A smoother curve (fig. 3) was obtained by this method than by 
that previously used. It is believed that this curve shows more 
accurately the decay present at the various temperatures than do the 
area curves in Figure 2, because it represents all of the lesions rather 
than a selected few. No breaks occur in it, and the cardinal tem¬ 
peratures are more definite. The results shown in Figure 3 were 
confirmed by another experiment which was run for 13 days. 
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INFLUENCE OF TIME ON THE DEVELOPMENT OF THE DISEASE 

Some data were presented in Table 2 to show the correlation of 
time and size of lesions at various temperatures. These data permit 
of a comparison of the combined process of infection and enlargement 
of the lesions at one temperature with that at another temperature, 
but do not permit of a comparison of the enlargement of the lesions 
alone at diifferent temperatures. The data in Table 4 show the 
influence of temperature after different periods of time on the enlarge¬ 
ment of lesions as measured by their increase in area. 



Fig, 3—Influence of temperature on development of black rot in the roots of sweet potatoes 


Table 4 .—Influence of temperature on the enlargement of selected lesions in sweet 
potatoes after different periods of time 



Tern- 


Average area of lesions in square milli¬ 
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The data were derived from two experiments and the averages were 
computed from 15 lesions at each temperature, except after 28 and 
64 days, .where the averages were computed from 7 lesions at each 
temperature and were obtained from one experiment. The potatoes 
were inoculated by being dipped in a water spore suspension. They 
were then placed at a temperature of 23° C. for a period of 5 days to 
permit infection to take place. The lesions were then measured and 
numbered, so that they could be recognized for subsequent measure¬ 



ments at diffei'ent intervals of time. As soon as this was done the 
potatoes were divided into lots and distributed to the various tem¬ 
peratures in such a way that the sizes of the lesions were fairly com¬ 
parable at the different temperatures. It will be seen by examining 
the curve labeled After 8 days*' in Figure 4 that the line is fairly 
straight. There are some variations in it, most of which persist 
throughout the successive periods. This fact indicates the difficulty 
of comparing directly the process involved in the enlargement where 
the areas of action are not identical from the beginning. These 
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variations are in some instances overcome at the more favorable 
temperatures and in some instances accentuated. With the excep¬ 
tions noted, the curves (fig. 4) plotted from the data obtained in 
these experiments generally tend toward the normal curve with the 
lapse of time. These exceptions may be partially explained, at least. 
An examination of the notes from which these data were derived 
reveals a considerable variation in the rate of growth of the different 
lesions at a given temperature, and in some instances shows that the 
lesions stop enlarging altogether at different stages of development. 
These factors, especially the latter, are shown to be correlated with 
the variations in the curves. If the curves had been plotted from a 
larger number of lesions, these variations probably would not have 
been so evident. 

There was some enlargement at all the temperatures employed 
(Table 4). It was not large at 33° and 12° C. and below. The 
enlargement at these extreme temperatures will be discussed more 
fuUy under the heading ^^Temperature limits of infection.'^ 

INFLUENCE OF TEMPERATURE AND TIME ON THE NUMBER OP INFECTIONS 

The data recorded in Table 3 showed that temperature was a factor 
in determining the number of infections which occurred during the 
time employed (11 days). The number of infections rose from zero 
at 11.8° C. to 165 at 20°, but dropped off rapidly as the temperature 
rose from 23° to 31.5°, where there were only three infections; at 33° 
there were none. Humidity may have influenced this drop in the 
number of infections, for there was a general decrease in the relative 
humidity with the rise in temperature above 24°. However, this 
factor does not account for the difference in the number of infections 
at 23° and 24°, where the humidity was identical. Unpublished 
data show that there is a narrow range of humidity just below satu¬ 
ration, at a temperature of 23°, witMn which the number of infec¬ 
tions is little affected by the difference in humidity, but that the num¬ 
ber of infections drops rapidly after the humidity falls below this 
range. It can not be said definitely that this relation holds at other 
temperatures, but it would seem likely, and it is possible that the limit 
of this range of humidities was reached at 27° and 31.5° (Table 3). 

Table 5 .—Influence of temperature on the number of lesions that develop after 

$1 days 


Psyehrometer 

readings 

Relative 

humidity 

Number 
of sweet 
potatoes 

Number 
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ture 

Depres¬ 
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« a 

° a 
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18 

0.3 
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i.2 

92 

24 
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92 

19 
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23.6 

.9 

93 

24 

19.4 

23.0 

1.0 

92 

20 

16.1 

19.9 

1.4 

88 

24 

13.4 

1&3 

.9 

92 

24 

11.8 

14,3 

,8 

91 

18 

21.0 

12.0 

.3 

97 

16 

,06 

9.0 

.9 

90 

17 

.0 


The data recorded in Table 5 were obtained from an experiment 
d^i^ed to determine whether or not temperature governs the num¬ 
ber of infections to the same degree if a longer periofl of time is em- 
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ployed. The results showed that the border temperatures limit the 
number of infections, but the increase in the number of infections 
from the minimum to 23.6° C. (near the optimum) was much smaller, 
and the maximum number of infections was obtained at 14°, which is 
several degrees below the optimum temperature for the development 
of decay. This exception would seem to be due to experimental 
error. One might account for the small difference in the number 
of infections in the same way at 18.3°, 19.9°, 23°, and 23,6° were it 
not for the direct correlation which exists between the number of 
infections and the rise in temperature within this range. An inverse 
correlation is also apparent between the number of infections and 
the depression of the wet bulb, the depression of the wet bulb de¬ 
creasing from 1.4° at 19.9° to 0.9° at 23.6°. 

Thus humidity may partially explain the difference in the number 
of infections at these temperatures. In any case, it is believed safe 
to conclude from the data presented that temperature as a deter¬ 
mining factor in the number of infections becomes less important 
with the lapse of time, except at the border temperatures. This 
conclusion is confirmed by earlier work.'^ 


Table 6. —Temperature limits at which Ceratostomellafimhriatum infects sweet potato 


Psychrom- 
eter read¬ 
ings 
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17 

8 

26 
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.2 

11 

0 

0 

0 
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9 
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15 1 

3 
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103 

9.5 
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1.0 

18 

17 

99 
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18 
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.9 

17 
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6 
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.6 
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1 

2 

2 

5 to 8 

1 briatum. 

4 2FusariumsD •2Peiii- 

1 doubtful 



108 




cillium sp.' 

lesion. 




TEMPERATURE LIMITS OF INFECTION 

The data recorded in Table 6 were obtained from three experiments, 
which had for their purpose the determination of the upper and lower 
temperature limits for infection. The potatoes were inoculated by 
dipping in a spore suspension. In one of the experiments isolations 
were made from the lesions that developed at the border temperatures. 
This procedure was adopted because in some instances the lesions 
were not typical. Checks were run in some cases to make sure 
that the infections were due to the inoculum. The check potatoes 
were dipped in tap water instead of a spore suspension. 


7 Ames, A. the temperature relations of some fungi causing storage rots. PhytopatholQgy 
5:11-19. 1916. 
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Five typical black-rot lesions developed at a temperature of 33.4*^ C. 
in 16 days. This temperature is almost as high as the highest 
temperature (34.5'') at which Geratostomella Umbriatum grew on 
sweet-potato agar (Table 1). There were no infections at 34.7°, 
even at the end of 62 days. It would seem, therefore, that the 
maximum temperature for infection was between 33.4° and 34.7° C. 

The lowest temperature at which infection occurred was 9.5° C. 
This conclusion is based entirely on the character of the lesions, 
which, however, seemed to be typical. Geratostomella Umiriatum 
was not obtained in any of the isolations made at this temperature. 
It would seem that if any infection did occur the pathogene either 
died out or gave way to other fungi. At any rate the infection that 
occurs at this temperature is of little consequence. This contention 
is further supported by the fact that no growth of the pathogene, 
except in one doubtful case, occurred at 9.5° C. in 55 days and very 
slight growth occurred at 10° in 73 days. No infection occurred at 
9.1° in 56 days. Infection took place faiiiy readily at 11° and the 
pathogene was recovered at 11.4°. It would seem from these results 
that the lower temperature limit for infection lies between 9° and 11°. 

These results indicate that sweet potatoes can be stored at tem¬ 
peratures from 9° to 10° C. without much danger of infection, 
although the pathogene may be present. A humidity below 90 
per cent would further insure against infection. 

If infection has already occurred some enlargement of the lesions 
may be expected at 9.5° 0. (Table 4) and possibly at even a lower 
temperature, but it would be too slight to be of any consequence. 
Even at 12° the enlargement of lesions is rather slow. 

The slight enlargement of the lesions at temperatures below the 
minimum may have been influenced by the removal of the potatoes 
to the laboratory (the temperature of the laboratory ranged from 20° 
to 23° C.) during the periods in which the measurements were made. 
The time consumed by these measurements was never more than a 
half hour, except when the first measurements were made; hence 
it is believed that this change of condition had little effect on the en¬ 
largement of the lesions. 

The temperatures, therefore, that recommend themselves for the 
storage of sweet potatoes where black rot is a factor are those from 
10° to 12° C., since sweet potatoes can not be stored below these 
temperatures without becoming infected with Mucor racemosus? 
It is believed possible to practically eliminate the spread and develop¬ 
ment of black rot if the potatoes are stored at these temperatures 
and at a relative humidity below 90 per cent. 

DISCUSSION AND CONCLUSIONS 

Geratostomella fimhriatum will grow on sweet-potato agar over a 
range of temperatures extending from 9.5° to 34.5° C. (Table 1). 
This range corresponds closely to that obtained for infection. How¬ 
ever, infection was doubtful at the two extreme temperatures of this 
range. Growth of the pathogene, as represented by the area of the 
colonies, increases very rapidly as the temperature rises from the 
minimuin (9° to 10° C.) to 27° after which it declines with the rise 
in tempelrature until 36° is reached, at which point all growth ceases. 

» 1.1., and Hartee, L. L. sPEaES op rhizopus responsible por the decay op sweet 

^ ^RAGE HOUSE AND AT DIPPERENT TEMPERATURES IN INFECTION CHAMBERS. JoUr. AgT. 
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This rate of growth is due not only to temperature but to the area 
of the medium to which it is exposed, which progressively increases 
with the increase in diameter of the lesions.^ 

Infection may occur through the normal skin, but usually there is 
evidence of tissue disturbances at the point of infection in the form 
ot-raised areas, slight abrasions, and small rootlets. Wounding is 
not necessary in order for infection to occur, although there is evi¬ 
dence that wounding will aggravate infection and the development 
of the disease. 

The increase in the size of the lesions with the lapse of time at any 
of the temperatures between the maximum and the minimum is not 
as rapid as the enlargement of the colonies of the pathogene on sweet- 
potato agar. This fact would seem to indicate that either sweet- 
potato agar is the more favorable medium for the development of the 
fungus or that there is some inhibiting factor retarding the enlarge¬ 
ment of the lesions. 

The fact that the lesions enlarge at temperatures below the mini¬ 
mum for infection (Table 4) while the fungus does not grow at these 
temperatures may raise some question as to the foregoing conclusion, 
at least under the latter conditions indicated. What would happen 
if growing colonies of the fungus on artificial media were exposed to 
these temperatures is not known, but it seems probable that the 
colonies would enlarge as did the lesions. It has been observed that 
new transfers of fungi do not exhibit the normal rate of growth at 
the start. To make the above conclusion valid more experimenta¬ 
tion is required. 

The rate of enlargement as represented by the area of the lesions 
increases rapidly as the temperature rises above the minimum (9° to 
10° C.) to temperatures of 23° and 27° C., above which there is a 
decline in the rate as the temperature is raised to 34.7°, where there is 
no infection. 

A part of this increase in the rate of enlargement of the lesions 
with the rise in temperature is due to the increase in the area exposed 
to the action of the fungus with the increase in the diameter of the 
lesions. This increased area of action of the fungus as the temper¬ 
ature is raised to the optimum becomes progressively greater with 
the lapse of time, thus enhancing the enlargement of the lesions. 

Taking into consideration the methods employed in measuring the 
influence of temperature on the development of the disease, it may be 
concluded that the optimum ranges from 23° to 27° C. This varia¬ 
tion is not large when it is considered that three methods of procedure 
and several experiments were employed. Even where the same 
method was used in two different experiments some variation occurred. 
This was shown by the fact that in an experiment conducted in the 
same fashion as the one from which the data recorded in Table 3 
were obtained the optimum was 24.5°, while the optimum recorded 
in Table 3 is 27°. It is believed that the optimum for the growth of a 
fungus, for infection, or for the development of the disease can never 
be assigned to a particular degree of temperature. The variation 
in the fungus and the host, even though the conditions surrounding 
them may be constant, is such as to make the optimum limited to 
a particular temperature improbable except in a single experiment. 


8 LAUBITZEN, J. I., and HARTEB, L. L. the INTFLTJENCE of TEMPEBATOBE on the infection ANB begat 
OF SWEET potatoes BY BIPPEBENT SPECIES OP BHizoPTJs. Jout. AgT. Research ao; 793-810, illos. 1925. 

“ Laubitzen, j. I., and Harteb, I/. L. Op. eit. 
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The range of temperature at which black rot will develop is wider 
than that at which infection will occur. Infection has taken place 
at temperatures of 9.5^ and 33.4^" C. (Table 6), while there has 
been an enlargement of lesions at temperatures from 6® to 33.4° 
(Tables 4 and 6). This fact has a practical bearing. Potatoes that 
have not been infected when they are placed in storage, although 
the pathogene is present, can be kept at temperatures of 10° to 12° 
without much danger of infection, especially if the relative humidity 
is below 90 per cent. If infection has taken place, the lesion will 
continue to develop (Table 4, fig. 4). Fortunately the rate of en¬ 
largement is very slow, hence the disease can be held in check. Be¬ 
sides there is some evidence that the fungus dies out at a temperature 
of 9.5° (Table 6). Since potatoes that are infected are not regarded 
as edible, the holding of the disease in check loses some of its signifi¬ 
cance. Temperature governs the number of lesions during the 
early stages of infection (Table 3), but as the time is extended from 
11 to 21 days its influence becomes strikingly less at temperatures 
between 14° and 28° C. (Table 5), where there is little difference 
in the number of infections. The number drops off below and above 
these temperatures. 

SUMMARY 

The temperature range for the growth of Geratostomella iimhriatum 
on sweet-potato agar extends from 10° to 34.5° C. 

The optimum, maximum, and minimum temperatures for the 
growth of the fungus are 23° to 28.6° C., 34.5° to 36°, and 9° to 10°, 
respectively. 

The range of temperatures at which Geratostomella Umbriatum will 
infect sweet potatoes extends from 9.5° to 34.5° C., corresponding 
closely to that of the growth of the pathogene. The fungus seems 
to die out at a temperature of 9.5°. 

The optimum, maximum, and minimum temperatures for infection 
and the development of the disease are: Optimum, 23° to 27° C.; 
maximum, 34.5° to 36°; and minimum, 9° to 10°. 

The number of infections that will occur between 9° and 11° 0. is 
small. 

The temperature range at which it has been shown that black-rot 
lesions will enlarge is from 6° to 33.5° C. 

The rate of emargement is slow between 6° and 14° C. and in¬ 
creases very rapidly above 14° until it reaches a maximum between 
23° and 27°. It varies greatly at any given temperature and in 
some instances ceases altogether. 

The number of infections is governed by the temperature which 
prevails (Table 3) during the early stages of infection (11 days). 
The number of infections increased from 22 at 14° C., the minimum 
for this period, to a maximum at temperatures near the optimum for 
the development of the disease (20° and 23°). With a further rise in 
temperature the number of infections decreased to three at 31.5° 
and at 33° ceased altogether. 

As the experiments period was extended from 11 to 21 days 
(Table 5) the influence of temperature on the number of infections 
b^aine less apparent, except at the border temperatures. The 
differen<^ in the number of infections at temperatures of 14°,'18°, 
23°, 23.6° and 28° are relatively small. 



FRUIT-BUD DIFFERENTIATION AND SUBSEQUENT DE¬ 
VELOPMENT OF THE FLOWERS IN THE HICORIA 
PECAN 1 

By J. G. WooDRooP, Assistant Horticulturist, and Naomi Chapman Woodroop, 
Assistant Botanist, Georgia Agricultural Experiment Station^ 

INTRODUCTION 

A correct understanding of the time of fruit-bud differentiation 
and some of the related activities of the pecan should have an im¬ 
portant bearing upon cultural practices. More efficient methods of 
fertilizing and pruning pecan trees might be evolved from accumu¬ 
lated information of this kind. 

The purpose of the present study is to determine the time at which 
flowers are differentiated and to trace their development to the time 
of pollination. The question resolves itself into a study of the 
changes that take place in bud development, the time when these 
changes occur, and the conditions that influence them. 

Benson and Welsford ^ described the morphology of the ovule and 
female flowers of Juglans regiaj with special reference to the vascular 
system. Holm ^ described the staminate flower of Cary a alba and 
of Juglans nigra. Stuckey ^ studied certain phases in the develop¬ 
ment of the pecan flowers. He recorded, for more than 25 varieties 
of Hicoria pecan, the dates on which the staminate flowers reach 
maturity and shed their pollen and the dates on which the pistillate 
flowers become receptive. 

The senior author,® in a study of the development of the staminate 
flowers of 28 varieties of pecan, found that catkins are differentiated 
in lateral buds on new shoots in late spring. They pass the winter 
as dormant buds and complete their development the following 
spring. 

METHODS 

»Terminal buds of the Alley and Frotscher varieties were collected 
every other day, beginning March 13, 1925, and continuing until 
the pistillate flowers were separable as individual flowers on April 
7 and 11, respectively. Flowers were then collected every second day 
until pollination time. The following season buds were collected at 
20-day intervals from November until March. The Stuart and Je¬ 
rome varieties were extensively used in detailed studies of the flower 
at pollination time. 

Material was fixed in both Flemming’s weaker solution ^ and duel’s 
fixative.® Flemming’s solution rendered the material too brittle to 


1 Received for publication Apr. 20,1926; issued October, 1926. 

2 The writers are indebted to B. B. Higgins of this station for constructive criticisms of the technic em¬ 
ployed in the investigations herein reported. 

3 Benson, M., and Welsford, B. J. the morphology of the ovule and female flower of juglans 
REGIA and of a FEW ALLIED GENERA. Ann. Bot. [London] 23 : 623-633, illus. 1909. 

* Holm, T. morphological study of carya alba and juglans nigra. Bot. Gaz. 72: 375-389, illus. 
1921. 

5 Stuckey, H. P. the two groups of varieties of the hicoria pecan and their relation to self- 
sterility, Ga. Agr. Expt. Sta. Bui. 124: 127-148, illus. 1916. 

8 Woodroop, J. G. the development of pecan buds and the quantitative production of pollen. 
Ga. Agr. Expt. Sta. Bui. 144: 134-161, iUus. 1924. 

7 Chamberlain, C. J. methods in plant histology. Ed. 3, rev. 314 p., illus. Chicago, Ill. [1915.] 

8 Formula for JuePs fixative: ZnCl2,2gms; acetic acid, 2 c.e.; 95 per cent alcohol, 50 c.c.; distilled water, 
60 c. c. 
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section well. JuePs fixative proved more satisfactory and was used 
for most of the work. The buds were somewhat difficult to manage 
owing to the heavy growth of hairs on the young leaves. It was 
necessary to trim them very closely so as to remove as many as 
possible of the young leaves. 

All material was embedded in paraffin and the sections stained in 
Haidenhain^s iron-alum haematoxylin. 



Fig. 1.—Types and position of buds. A, shoot bearing terminal (a) and lateral (6) bud.s; B, shoot with 
only lateral buds; C, terminal bud after the scales are shed (a) young leaf, (&) lateral bud; D, inter¬ 
nal stnieture of terminal bud; (a) terminal bud scale; (6) inclosed leaves; (c) point of differentiation; 
(d) lateral bud 


DIFFERENTIATION IN THE TERMINAL BUDS 

The pistillate flowers are normally differentiated from the terminal 
buds of the dormant season, but when a terminal bud is not present 
one or more lateral buds may differentiate pistillate flowers. 

BUDS 

In the absence of a terminal bud the casual observer will often 
mistake the apical, dormant, lateral bud for a terminal bud, since 
the scar left by the shedding of the nut cluster of the previous season 
% very small and inconspicuous. The color of the two buds is 
similar, but the terminal buds (fig. 1, A, a) are angular, uneven, 
and somewhat larger than the dormant lateral buds (fig. 1, A, &). 
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The terminal buds do not have the same type of scales as the lateral 
buds, but are protected by the thick, flattened,^ outer leaves, which 
are practically identical with the inner dormant leaves of the bud. 
Several of these leaflike scales are shed as the bud swells and only 
the innermost develop into leaves. In the axil of each scale is a 
very small lateral bud (fig. 1, D, d). 


LEA.VES 


A terminal bud in late winter contains the full number of leaves 
that will develop the following season. This number is definitely 
determined when the first pistillate flower appears. The larger leaves 
grow over and around the smaller and more recently formed ones 
(fig. 1, D). In the 


. of each scale and 
leaf is a developing 
lateral bud of the fol¬ 
lowing season. (Fig. 
l,D,d.) The young 
leaves are fight green 
in color, covered by 
a thick growth of 
silvery hair. 

FLOWERS 

Woodroof® con¬ 
cluded that the inter¬ 
nal character of the 
buds does not mate¬ 
rially change from 
the time of harvest in 
November until the 
middle of February 
(fig. 2, A), and that 
differentiation of the 
first pistillate flowers 
occurs during the last 
10 days of February 
and the first week in 
March. By the second week in March some of the flowers are becom¬ 
ing quite large and the floral characters are beginning to appear 
(Table 1). The basal flowers appear first, followed by others placed 
alternately along the elongating floral axis (fig. 2, B and C). 
Several stages of development may be seen in a differentiating 
•cluster of flowers (fig. 2), and this is true even when most of 
the flowers of the cluster are ready to be pollinated. The basal 
flowers show some of the floral characters while the apical ones are 
mere papiUae and others have not been differentiated. Simultane¬ 
ously with the differentiation and early development of the flowers, 
the scales are shed and the leaves begin to unfold. 

Where the terminal bud has been present, but was destroyed before 
the time of differentiation (from February 15 to March 1), lateral 



Fig. 2.~Pistillate flower differentiation. A, growing point of a term¬ 
inal bud during the winter; B, growing point on March 13, after 
several pistillate flowers (6) have been differentiated; a, subtending 
leaves; C, young basal flowers on date when first flower clusters 
were visible above the leaves. Terminal drops on May 1 have 
reached a similar stage of development. All X 9 


* WOODROOP, J. G. the development 015 PECAN BUDS AND THE QUANTITATIVE PRODUCTION OP POLIJEN 
Ga. Agr. Expt. Sta. Bul. 144:134-161, illus. 1924. 
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buds are ‘‘forced” to differentiate pistillate flowers; but if destroyed 
later than March 15-20 there will be no pistillate flowers to reach 
the receptive stage, and a crop failure for that year will result. In 
pecan trees which bear an annual crop of nuts a large percentage of 
the clusters of pistillate flowers must come from twigs produced 
from lateral buds (fig. 3). Theoretically, the pecan is strictly an 
alternate year bearer; while practically it may bear annual crops 
because the years in which shoots from terminal buds produce nuts, 
shoots from lateral buds do not bear, but produce terminal buds in 
preparation for a crop the following year. 

Table 1.— Stages of development in the buds and flowers of the pecan and the dates 

on which they occur 


Date 


Pistillate flowers or buds 


Staminate flowers or buds 


Vegetative growth 


Feb. 15 to Mar. 1,.. 
Mar. II to Mar. 15 _ 
Mar. 15 to Apr. 1.. _ 

Apr. 1 to Apr. 15_ _. 

Apr. 15 to May 1... 
May 1 to May 15-.- 


Differentiation in terminal 
buds. 

Bud scales bursting; differ¬ 
entiation continued. 

Differentiation of apical 
flowers; development of 
basal flowers. 

Rapid development; may 
appear visible above 
leaves. 

Flowers reach full size; may 
become receptive. 

Pollination completed; stig¬ 
mas dry; first “drop.” 


May 15 to June i... 


Rapid growth of nutlets—— 


June 1 to Oct. 1. Continued growth and de¬ 

velopment of nuts. 

Oct. 1 to Nov. 1_ Nuts mature. 


Nov. 1 to Feb. 1_| 


None. 


Outer bud scale bursting_ Very little. 

Shedding of outer bud scale. Do. 


Outer scale shedding com- Very young leaves 
pleted. exposed, 


Inner bud scale bursting.-- 


Exposed leaves grow¬ 
ing rapidly. 


Catkins reach full size; may 
shed pollen. 

Pollen shed; catkins drop; 
flowers may be differen¬ 
tiated in new buds. 

Rapid development of lat¬ 
eral buds; differentiation 
of flowers. 

Continued development of 
lateral buds. 

Lateral bud growth de¬ 
creases. 

Very slow growth in lateral 
buds. 


Very rapid. 
Do. 

Do. 


Continual growth. 

Terminal bud may 
form. 

Almost inactive. 


« Though the formation and development of leaves has not been systematically studied, careful observa¬ 
tion has shown that differentiation is active in the vegetative portion of the lateral buds as well as in the 
terminal bud during the late fall and winter. In the lateral buds the process continues throughout the 
spring and summer into the fall and winter until the terminal bud differentiates pistillate flowers in Feb¬ 
ruary of the next year. Leaf differentiation ceases on a particular shoot when pistillate flower differentia¬ 
tion begins. 

i* If the shoot was terminated with a cluster of nuts during the current year no terminal bud will be 
formed. A scar will mark the place of attachment of the nut cluster. Almost immediately upon the forma¬ 
tion of the leaf a lateral bud forms in the axil, in which is differentiated staminate flowers. Thus staminate 
flower formation continues over almost the entire growing season. 

EARLY DEVELOPMENT OF THE PISTILLATE FLOWERS 

The four bracts of the calyx are the first parts of the flower to 
appear, and these are followed by the primordia of the stigmas. 
Early in the development of the bracts and the stigmas the traces 
of a vascular system may be seen in the longitudinal sections of the 
flower (fig. 2). The stigmas soon inclose the ovarian cavity. 
An ovule begins to develop in the basal flower about April 15, the 
approximate date on which the young flower cluster is first visible 
above the unfolding leaves (fig. 2, C). A week or 10 days after 
the appearance of the ovule an integument begins to develop. 

THE PISTILLATE FLOWER CLUSTER AT POLLINATION TIME 

The pistillate flowers develop very rapidly, and are receptive about 
two months after the differentiation of the basal flowers. The 
flowers are borne sessilely along a zigzag central axis. There are 
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from 4 to 20 or more flowers in a single spike. The number of 
flowers per spike, or flower cluster, is a varietal character. In 1925 
about 90 per cent of the Teche and Alley varieties bore 4 receptive 
flowers per cluster, with a few of 3 and 5 flowers and 
none with 6. Most of the clusters of the Nelson and 
Mobile varieties bore 6 receptive flowers per cluster, 
with a few of 5 and 7, but none with 3 and 4. With the 
Stuart and Protscher varieties, 5 was the commonest 
number. 

** DROPS** 

Regardless of the number of flowers receptive per 
cluster at the time of pollination, there are always 
some undeveloped flowers at the apex of each cluster. 

(Fig. 4, a.) There may be from three to half a dozen 
of these which differentiate very late but grow and 
develop normally until the time of pollination, after 
which they begin to drop without becoming receptive. 

This first “drop^^ leaves a scar at the terminus. 

In no case has a cluster of nuts been observed which 
had developed to its fullest capacity without showing 
the small scar indicating the ‘‘dropping’^ of the 
terminal flowers. Longitudinal sections of these un¬ 
developed flowers 
show them to be 
normal, but not so 
far advanced in de¬ 
velopment as the 
other flowers of the 
cluster. (Fig. 2, 

C.) In other words, 
all flowers which 
are not receptive at 
the time of pollin¬ 
ation are soon shed 
from the cluster. 

This first ^^drop” 
means that from 20 
to 40 and some¬ 
times 50 per cent of 
the differentiated flowers of a 
spike are shed at pollination 
time. 

INDIVIDUAL FLOWERS AT POL¬ 
LINATION TIME 

EXTERNAL CHARACTERS 



Fia. 3,—The cycle 
of terminal bud 
formation: o, 
cluster of nuts 
produced in 
“even" years: 
6, terminal bud 
produced in 
“odd " years 


Fig. 4.~A duster of pistillate flowers, a. Terminal 
flowers of the cluster which have never been found 
to develop; 6, a flower which develops only under 
the most favorable conditions, otherwise it “drops;” 
c, a flower which develops into a hut 


An individual flower measures 
from 5.5 mm. to 8 mm. in length, 
from 3 mm. to 4.5 mm. of which are inclosed in a light green pubes¬ 
cent calyx; the remainder is stigma. The calyx is marked by four 
ridges, giving it a four-sided appearance and dividing it into four 
sections, each of which is terminated by a tapering bract from 3 
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mm. to 5 mm. in length, according to the variety. These may be 
erect, extend laterally, or be reflexed downward along the sides of 
the flower (fig. 5). Receptive stigmas are sessile, variously shaped, 
and colored, and a viscid fluid covers the uneven surfaces. The 
differences among varieties in the size, color, and shape" of the stig¬ 
mas are varietal characters and are very distinct. The writers have 
not been able to relate any of these floral characters with later char¬ 
acters that appear in the mature nut. 



Table 2. —Name and color ® o/ stigmas of each of the 28 varieties of pecan illustrated 
in Figure 5, April 29, 1925 


No. 

Variety 

Color 

No. 

Variety 

Color 

1 

Alley_ 

Vivid green. 

Do. 

15 

Nelson_ 

Vivid green. 

Do. 

2 

Appomattox_ 

16 

Pabst. 

3 

Atlanta_ 

Night green. 

Vivid green. 

Bottle green. 

Ox-blood red. 

17 

Randal_ 

Ox-blood red. 

4 

BAVArpi.gA 

18 

Russell No. 2. 

Brick red. 

5 

Bradley__- 

19 

Rome.. 

Dull dark purple. 
Night green. 

Warbler green. 

Vivid green. 

Do. 

6 

Centennial_ 

20 

Ru^U_ 

7 

Curtis-... 

Vivid green. 

Night green. 

Vivid green. 

Dull dark purple. 
Vivid green. 

Ox-blood red. 

21 

San Saba.. 

8 

Delmas__ 

22 

Schley.-. 

9 

Protseher--.. 

23 

Stuart__ 

10 

Jerome_ 

24 

Success. 

Ox-blood red. 

11 

Mantura_ 

25 

Teche___' 

Night green. 

Do. 

12 

Mobile. 

26 

Unknown. 

13 ' 

Mnnftytriftkftr 

Vivid green. 

Bottle green. 

27 

Van Deman._. 

Do. 

14 1 

Moore.—- 

28 

Waukenah. 

Olive green. 


“Kidgwat, R. colok standards and color nomenclature. 43 p., illus. Washington, D. C. 1012. 
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INTERNAL CHARACTERS 

The vegetative regions of the flower resemble those of the young 
growing nut. The vascular system is fairly complete and serves as 
a means of locating and distinguishing the different regions, which 
are in some cases rather indistinct. 

The outer is the calyx or hull region and is composed of loosely 
arranged, irregularly shaped cells. A series of fibro-vascular bundles 
extend into this region from the main axis of the spike (fig. 6, B). 
The second, or shell region, is composed of small uniformly shaped, 
compactly arranged cells. Two opposite suture bundles are located 



Fig. 7.—Pistillate flower at time of poUination. A, cross section near the base of bracts; B, cross section 
through the ovule and integument; C, cross section just below the attachment of ovule; D, cross sec¬ 
tion where the inner series of bundles enter the shell region. H, region of the hull; B, outer series of 
vascular bundles; B', inner series of bundles; S, region of the shell; Su. B, suture bundles; Se. B, septum 
bundles; Fi, fissure in packing tissue; I, integument; O, ovule. X 9}4 

in this region at right angles to the plane of the stigmas. These 
extend upward from the base to the apex of the shell region. Near 
the apex each separates into three distinct bundles (fig. 7, Su. B). 

Between the regions of the shell and hull is a second series of 
fibrovascular bundles. This series is parallel to the first and is 
connected with it by lateral branches (fig. 6). The basal extremi¬ 
ties of the second series are connected with the vascular system of 
the shell sutures and of the interior of the flower. The apical ex- 
Ireimties extend into the stigma and appear in cross section as a 
semicircle. The iimer series of bimdles is not connected with the 
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outer series at either extremity but only by lateral branches, which 
are placed at irregular intervals along the sides of the flowers 
(fig. 6). ^ ^ 

The ovary is imperfectly divided by a middle septum located in 
the plane of the stigmas. The ovule and integument are attached at 
the base of an opening near the apex of the septum, leaving them free 
to expand into a fissure (fig. 7, Fi), which is formed in a tissue which 
almost fills the ovary on either side of the septum. This has been 
called by Benson and Welsford “packing tissue.’^ It is this fissure 
which later enlarges to accommodate the expanding embryo (kernel) 
of the nut. 

The ovule is about two-thirds inclosed by the integument when the 
flowers become receptive (fig. 6), and the vascular system of the 
septum has become quite distinct. There appears to be no definite 
communication between the septum bundles and those next the 
shell region, this not being estabhshed until after pollination has 
taken place. The vascular bundles of the septum develop inde¬ 
pendently from vascular traces; and later become connected with 
the series of bundles next the shell region as described by Benson 
and Welsford for Juglans regia. Each of the two parallel bundles 
of the septum become divided near the apex into a semicircle of 
bundles (fig. 7). Developing fibrovascular bundles are distin¬ 
guishable in cross sections of the integument. 

The embryo sac is not mature at the time of pollination; conse¬ 
quently fertilization can not take place then. Pour megaspores 
appear in nearly all of the ovules on that date, three of which have 
begun to disintegrate, and the nucleus of the mother cell has divided 
once and in some cases twice. 

SUMMARY 

Pistillate flowers in Eicoria 'pecan are differentiated in terminal 
buds from February 15 to March 1. 

In the absence of a terminal bud pistillate flowers may be differ¬ 
entiated in lateral buds. 

Pistillate flowers become receptive about two months after dif¬ 
ferentiation. 

The first “drop” occurs at pollination time. 

PistiUate flowers are not ready for fertilization at the time of 
pollination. 

Staminate flowers are differentiated in lateral buds from 6 to 12 
months before the pollen is shed. 


10 Benson, M., and Weisfoed, E. J. the moephology of the oyhle and female flower op jdglans 
REGIA AND OP A FEW ALUED GENERA. Ann. Bot. [London] 23: 623-633, illus. 1909, 

11 Benson, M., and Welsfoed, E. J. op. cit. 




THE BROWN-POCKET HEART ROT OP STONE-FRUIT 
TREES CAUSED BY TRAMETES SUBROSEA WEIR^ 

By S. M. Zeller 

Plant Pathologistj Oregon Agricultural Experiment Station 
INTRODUCTION 

The production of prunes and peaches is an important industry 
in the Pacific Coast States, and any factor which contributes to the 
lengthening of the productive life of these stone-fruit trees is worthy 
of consideration. The more the situation is studied the more it 
becomes apparent that wood decay in this region is the most serious 
factor which leads to early senility or decrepitude of producing prune 
and peach trees. The one predominating heart rot of these trees is 
that produced by Trametes suhrosea Weir (.^).^ In a previous paper 
the writer (6) referred to this fungus as T. carnea. The disease of 
red cedar caused by this organism was described by Von Sehrenk (^, 
pp. 16-21), but its occurrence and destructiveness as an orchard 
disease has never been described, to the present writer’s knowledge. 

DISTRIBUTION 

In stone-fruit orchards Trametes suhrosea is found from the coastal 
and interior valleys of central California northward to the coastal 
districts of British Columbia. Wherever prunes and peaches are 
grown in western Washington and western Oregon, this fungus is 
found doing a major part of the heart-rot damage. In French 
prune orchards in California where this disease has been serious, 
this fimgus has been responsible for 50 or 60 per cent of the wood 
decay according to W. W. Thomas, a student of this disease in tha-t 
State. As is true of all such wood-inhabiting fungi, this disease is 
most frequently found in orchards which have insufficient care. 

Being a wound parasite, Trametes suhrosea occurs in relation to 
unprotected infection courts, such as pruning cuts and broken 
branches. Figure 1 shows the fruiting bodies of the fungus near two. 
unprotected pruning cuts on peach wood. 

NATURE OF THE HEART ROT 

As the brown cubical rot produced by this organism is more or 
less restricted to definite pockets in the wood, it has b^n called 
brown-pocket rot. Figure 2 shows the decayed pockets in prune 
wood, in both longitudinal and cross sections, and illustrates the type 
of this decay. 

The individual pockets contain a brown, punky wood which 
crumbles easily and is usually shrunken and cracked into cubical 
form. 

The changes which the fungus causes in the wood of peach does not 
differ from that produced in prune. Great chemical changes take 


1 Received for publication Feb. 15,1926; issued, October, 1926. 

2 Reference is made by number (italic) to "Literature cited,” p. 693. 
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place in the wood because of the digestive activity of the fungus, 
and it could be inferred a priori that the group of cytolytic enzymes 
which give other fungi the power to bring about brown rot must be 
active agents of Trametes sulrosea. Nevertheless, the writer carried 
out some enzymic experiments with the mycelium of this organism 
grown on peach-wood sawdust, to supplement his observations on 



Fig* l.~FniitiDg bodies of Trametes suhrosea Weir near two unpro¬ 
tected pruning cuts which were improperly made. The host is 
peach 


the ^lucoside-splitting and cellulose-hydrolyzing enzymes of Lenzites 
saepiaria (5). After a pure culture of T. subrosea had grown on the 
peach-wood sawdust for about nine months it was removed from the 
culture jars, dried, and ground. The sawdust was so, thoroughly 
decayed that it was readily ground to a fine powder by rubbing 
between the palms of the hands. This fungous powder was used in 
foUowing experiments. 
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EMULSIN EXPERIMENT 

To test for the presence of emulsin, a 1 per cent solution of aniyg- 
dalin was used as a substrate, for this is perhaps the most prevalent 
glucoside in the wood of stone-fruit trees. Fifty cubic centimeter 
portions of the amygdalin solution were placed in each of two small 
flasks, and 2 gm. of the fungous powder were added to each. To each 
of two other flasks 2 gm. of moistened fungous powder were added, 
and they were autoclaved at 15 pounds for 5 minutes before the 
50 c. c. of amygdalin solution were added. In another flask 50 c. c. 



Fig. 2.—Longitudinal and transverse sections of a branch, showing the 
brown-pocket rot in the heartwood. The host is prune 


of the amygdalin were placed as a control. To all five flasks sufficient 
toluene was added for antisepsis. The flasks were corked and allowed 
to stand at room temperature for five days, after which the two 
flasks with fungous powder which had not been autoclaved gave a 
strong odor of benz^dehyde and a very definite Prussian-blue test 
for hydrocyanic acid. The plain control gave neither of these tests, 
but the autoclave control gave a slight test for hydrocyanic acid. 
This is accounted for, perhaps, by the presence of small quantities 
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of amygdalin in the peach wood used as the culture medium. Thus 
it was demonstrated that the mycelium of Trametes subrosea secretes 
emulsin as an active digestive ferment. 

LIGNINASE EXPERIMENT 

A quantity of the cubical brown rot from the pockets produced by 
Trametes subrosea in prune wood was gathered, powdered, and soaked 
in the least possible amount of chloroformed water for about 24 hours, 
after which the water was filtered after being expressed from the 
decayed wood. The enzymes were precipitated with 95 per cent 
alcohol, collected on filter paper, and dried. This enzymic precipitate 
was dispersed in a small quantity of water and used in the following 
experiments. 

Very thin shavings of soimd prune wood were placed in a flask and 
digested in a 1 per cent diastase solution for 16 hours. After this 
they were soaked in several rinsings of distilled water for three days, 
to remove as much of the soluble substances as possible, and then the 
shavings were dried. 

One gram of these shavings was placed in each of three test tubes. 
To one was added 10 c. c. of the enzyme dispersion; to another, 10 
c. c. of distilled water; and to the third, 10 c. c. of the enzyme disper¬ 
sion which had been autoclaved at 15 pounds^ pressure. Toluol was 
added to all three, and then they were corked and incubated at room 
temperature for 25 days. After this time the liquids were decanted 
from the three tubes and saved, and the shavings were boiled in 
absolute alcohol for 15 minutes. When the alcohol was tested with 
phloroglucin acidified with HCl, a deep red color was given in the 
first tube, but the second and third remained clear and colorless. 
This is Czapek’s (i) test for hadromal, and is an indication that 
Trametes subrosea liberates the extracellular enzyme, ligninase, which 
has the power of splitting lignin. Czapek says that lignin is a cellu- 
lose-hadromal ether which may be split by an enzyme. 

The aqueous solutions which were decanted from the shavings were 
tested with Fehling^s solution. The first reduced Fehling's solution, 
while the second and third yielded no trace of copper. The results 
show that these reducing substances are due to enzyme action, and 
that they must be aldoses. These sugars may be formed from vari¬ 
ous substances. There is probably some tannin and amygdalin in 
prune wood. Besides this there is the hydrolysis of the cellulose to 
reducing sugars, as demonstrated by the following experiment which 
was conducted simultaneously with the above. 

CELLULASE EXPERIMENT 



Very small bits of filter paper were placed in three test tubes. To 
the fijfst was added 10 c. c. of the enzyme dispersion; to the second, 
10 c. c. of the enzyme dispersion which had been autoclaved; and to 
the third, 10 c, c. of distiUed water. Toluol was added to all three, 
and they were corked and^incubated for 25 days. 

After this the liquid was decanted and tested with Fehlings^ 
solution. The first tube gave a heavy precipitate of copper oxide, 
while there was not a trace in the second and third tubes. Tlxis 
m4|€8*ted that cellulase was present as an active agent in the mycelium 
(M Trametes subrosea. 
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HEMICELLULASE EXPERIMENT 

Small chips of the paragalactan from the endosperm of date seeds 
were also used as a substrate in the same way as described above 
for prune-wood shavings and filter paper. In this case, when the 
first tube w^as tested with Fehling’s solution a heavy precipitate of 
copper oxide was given, but none was evident in the control tubes. 
This demonstrates the presence of hemicellulase, an enzyme which 
splits the paragalactan, a hemicellulose, yielding a mixture of arabi- 
nose and galactose, both of which reduce Febling^s solution. 

This combination of cytohydrolytic enzymes from the mycelium 
of Trametes subrosea is the explanation of the brown rot resulting 
from its wood-destroying activity in the peach and prune wood. 
Doubtless, also, the presence of emulsin makes available more food 
which exists in the wood in the form of glucosides’ This ability of 
this fungus to make available as food these substances in rapidly 
grown orchard trees may be a partial explanation for the very rapid 
and devastating advancement of such forest parasites on these trees. 
For, it is a recognized fact that such forest-tree wound parasites as 
those represented by Trametes subrosea attack orchard trees more 
energetically than they seem to attack forest trees. Whether 
carbohydrates are more plentiful or more easily made available in the 
rapidly grown wood of orchard trees is not known. 

DAMAGE TO ORCHARD TREES 

The danaage done by this heart rot is not easily estimated, because 
of the inability to estimate the cost of bring trees into bearing and the 
cost of replacing trees made decrepit through the influence of heart 
rot produced by Trametes subrosea. Other difficulties arising in 
such estimates of damage are the many different phases of the 
damage. In the first place the wood decay is not limited to the heart 
wood. Especially is this true of prune trees. After a tree has been 
affected for a number of years, the decayed cylinder of wood increases 
in diameter until the amount of sapwood is relatively small. In such 
cases it is not uncommon to find (especially if one side of a tree has 
been affected by winter injury) long sunken areas where the decayed 
wood extends to the bark. These may extend well up into smaller 
branches. This encroachment upon the sapwood materially arrests 
the desired increment of bearing wood on the branches affected, or 
on all of the branches above such a sunken area on the trunk. 

Wood decay produced by Tramates subrosea has a marked influence 
on the neighboring sapwood. In the healthy sapwood of both peach 
and prune, wood tyloses are found scattermgly in the larger vessels 
of the spring wood only, none having been found in the smauer vessels 
of the summer growth. Where only 3 to 6 annual rings of sapwood 
separate the decayed cylinder within from the bark, tyloses were 
extremely numerous in the larger vessels of the spring wood in rings 
2 br more years old. In fact, in prune wood especially, vessels of 
spring wood have been found nearly filled with tyloses, and tyloses 
were also numerous in the vessels of the summer wood. Where 
several annual rings separate the decayed heart and the last yearns 
wood growth, the toxic influence of the decayed wood on the produc¬ 
tion of tyloses in vessels 2 or 3 years old is nearly as great as where 
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the fungus is nearer. Stevens (S) has described a similar condition 
in Catalpa sapwood influenced by the decay produced by Polystictus 
versicolor in closely neighboring tissue. 

Such disturbances surely influence the normal physiology of a tree, 
bringing about a weakened framework, increasing the mortality of 
crop-producing wood, and causing increased susceptibility to winter 
injury. There are also indications that the lack of water conduction 
in wood having such an abundance of tyloses has a direct contributary 
bearing on the physiological disturbances in prune trees known as 
leaf roll, June drop of fruit, and early yellowing and dropping of 
leaves. 

An orchard survey was made to ascertain just how much damage is 
done by the wood decay caused by Trametes subrosea. Out of 1,261 
prune trees in orchards having average horticultural care, 1,212 
showed heart rot. Of these, 885 were affected by T. subrosea. That 
is, 73 per cent of the heart rot found in the orchards is caused by 
T. subrosea. Of the 885 trees affected with this disease, 619 (or about 
70 per cent) had pruning cuts 2 inches or more in diameter. These 
pruning cuts had not been treated with an antiseptic wound dressing. 

In Douglas County, Oreg., 100 trees were examined in each of two 
neighboring orchards of Italian prunes. One orchard showed ex¬ 
tremely good care, all pruning cuts of about 1.5 inches in diameter 
having been treated with some type of asphaltum wound dressing. 
The other orchard showed lack of care in the protection of wounds. 
In the orchard showing good care, 91 per cent of the trees showed no 
evidence of wood decay, although 82 per cent of them had large 
pruning cuts. On the other hand, of the 100 trees in the orchard 
receiving meager care only 7 per cent were sound and all had large 
pruning cuts. Of the 93 trees showing wood decay, 78, or 83.9 per 
cent, had the brown-pocket rot due to Trametes subrosea^ while all of 
the 9 trees showing decayed wood in the other orchard were affected 
by this organism. 

In some localities within this active range of the fungus, vigor¬ 
ously growing older orchards do not seem to be affected by the 
heart rot. On river bottom land, such as that in the Days Creek 
Valley, Douglas County, Oreg., and in Clarke County, Wash., 
prune trees grow to large size. The lack of heart rot in many orchards 
of some of these communities seems to be related to the system of 
pruning adopted by the grower. In brief, heart rots are less preva¬ 
lent in orchards where the system of pruning used does away with 
all pruning on the main leader branches and trunk, particularly 
where tries are s) trnaid in early yaa-’s that the renoval of large 
branches is unnecessary later. 

PREVENTIVE MEASURES 

To prevent the wood decay of stone-fruit trees caused by Trametes 
mbrosea, the measures usually suggested for prevention of infection 
by wood-destroying fungi are recommended, i. e., pruning properly 
so that the wound will heal in the shortest possible time, and treat¬ 
ment with a wound dressing. The writer has had success with a 
Bordeaux paint made up by mixing linseed oil into a Bordeaux 
dust until a thick, smooth paint is formed. Preferably, however, 
it is better to educate growers to a pruning system whereby large 
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pruning cuts which need treatment are unnecessary or reduced to a 
minimum. 

SUMMARY 

Trametes suhrosea Weir causes a brown-pocket heart rot of peach 
and prune trees in orchard districts from central California to 
British Columbia. The brown rot has been demonstrated to have 
been produced by the cytohydrolytic enzymes ligninasC; cellulase, 
and hemicellulase. Emulsin is also present in the mycelium of 
T, subroseoj making available the products from glucoside digestion 
in the wood. 

The economic losses due to this decay in orchard trees are large 
but difficult to estimate. Also, the damage to the diseased tree is 
not limited to the heartwood, since the disease encroaches upon the 
sapwood, cutting down its volume and actually destroying the water 
conducting power of the remaining sapwood by the stimulation of 
the growth of tyloses in the xylem vessels, upsetting the physiological 
balance in the tree, and giving rise to drouth effects in the affected 
portions of the tops. 

A survey in prune orchards showed 73 per cent of the heart rot 
to be produced by Trametes suhroseUy and demonstrated that the 
presence of this heart rot is related to large, unprotected pruning 
cuts. 

Preventative measures are (1) proper pruning to facilitate healing, 

(2) treating the wounds with an antiseptic dressing, and preferably 

(3) the use of a system of priming such that large pruning cuts are 
unnecessary or are reduced to a minimmn. 
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THE WATER-SOLUBLE CONTENT OF CALCIUM AND 
PHOSPHORUS IN CABBAGE * 


By W. H. Peterson and Clara B. Peterson, Department of Agricultural 
Chemistry^ TF^^cowstVi Agricultural Experiment Station 

INTRODUCTION 

In the preservation of plant materials by natural fermentation 
processes, such as the making of silage and sauerkraut, the quantity 
of nutrients expressed from the plant tissue must to a large extent 
determine the rate at which the fermentation proceeds. It is not 
nierely sugar but also soluble nitrogen and salts that are involved 
in the development of the acid-producing bacteria. Of the mineral 
elements in the expressed juice, it is probable that calcium and 
phosphorus are among the most important. 

For this reason it is of interest to know what percentage of these 
mineral elements is soluble in water. The present study is concerned 
with the soluble calcium and phosphorus of cabbage, the ratio which 
each bears to the total quantity of the particular element, and the 
variation of each with the type of soil and the maturity of the plant. 
Incidentally, the data for 1925 will be compared with those reported 
in a previous paper (8) ^ showing the variations in the total calcium 
and phosphorus of 18 samples of cabbage grown during the season 
of 1924 in various parts of the United States. 

EXPERIMENTAL PROCEDURE 

Most of the cabbage was grown on two types of soil; an upland 
sandy loam which had been cropped for many years and an alkaline 
marsh soil which had been drained and kept under cultivation for 
about 10 years. 

The cabbage was grown for kraut-making purposes, and from 50 to 
60 heads were taken at each time of harvesting. The heads were 
stripped of the outer green leaves and cut into long shreds in a factory 
kraut cutter. From 100 to 125 pounds of shredded cabbage were 
obtained each time in this way. After mixing the whole quantity 
thoroughly to obtain uniformity, a sample of 400-gm. weight was 
moistened with ether, ground in a large mortar with sharp sand, and 
repeatedly extracted with fresh portions of water. The cloudy 
extract was filtered through paper pulp on a Buchner funnel and came 
through perfectly clear. After washing with several portions of 
water, the filtrate and washings were made up to 2,000 c. c. The 
above procedure is essentially that described by Tottingham, Schulz, 
and Lepkovsky (9) for extracting the nitrogenous constituents fmm 
plant cells. Three hundred c. c. aliquots were taken for calcium 
determinations and 100 c. c, for phosphorus. 

Other portions of the cabbage were dried for the determination of 
moisture, calcium, and phosphorus. Moisture was ascertained by 


1 Received for publication May 1, 1926; issued October, 1926. Published with the approval of the 
director of the Wisconsin Agricultural Experiment Station, 

2 Reference is made by number (italic) to “ Literature cited,” p. 699. 


Journal of Agricultural Research 
Washington, D. C 

( 695 ) 


Vol.33,No.7 
Oct. 1,1926 
Key No. Wis.-37 


i 



696 


Journal of Agricult/wral Researcli- 


Vol. 33, No. 7 


drying at 100^ C. Both total and soluble calcium were determined 
by the McCruddeii (3^ 4 ) method as used when iron is contained in 
the sample. The two forms of phosphorus were obtained by the 
volumetric method of the Association of OflScial Agricultural 
Chemists {2, p. S). 

In Table 1 are given the chief facts regarding the variety, date of 
harvest, moisture and nitrogen content of the cabbage, and the type 
of soil on which the cabbage was grown. The samples are arranged 
so as to bring those from the same plot of ground together in one 
group, and the samples within the group are listed according to the 
date of harvest. The first sample was taken on September 16 when 
the cabbage was very green and not fully grown. Owing to unex¬ 
pected freezing weather, the samples taken on November 11 were 
frozen solid and had been in this condition for four to five days 
before they were brought in from the field. 

As was noted in a previous paper (d), the nitrogen content increased 
with maturity. This is particularly marked in the Miami silt-loam 
samples. 

Table 1. —Description of cabbage sa^nples 


Sample 

No. 

Variety of cabbage 

Type and location of soil plot 

Date of har¬ 
vest 

Mois¬ 

ture 

Nitro¬ 

gen 

! 

349. 

j 

1 All Setscn. 

Alkaline marsh, Madison, Wis. 

Sept. 29, 1925 

Per cent 
93.8 

Per cent 
3.87 

352. 

:.do. 

.do. 

Oct. 23, 1926 

93.6 

3.33 

355. 

i All Season (frozen).... 

.do. 

Nov. 11,1925 

93.9 

3.86 

350. 

1 All Season. 

Miami silt loam, Madison, Wis. 

Oct. 6,1925 

93.1 

3.09 

354. 

'.do. 

.do.... 

Oct. 28,1926 

92.9 

3.41 

356. 

, All Season (frozen)_ 

.do. 

Nov. 11,1925 

93.8 

3.94 

347. 

Glory. 

Clyde silt loam, Racine, Wis. 

Sept. 16,1925 

93.2 

1.92 

348. 

1 All Head. 

.do. 

.do. 

93.3 

2.00 

351. 

, All Season. 

J.do. 

Oct. 15,1925 

[ 93.2 

2.95 

353 

!.do. 

.do. 

Oct. 28,1925 

92.9 

2.95 

357. 

.do. 

i Franksville, Wis. 

Nov. 5,1925 

93.5 

3.16 

368. 

All Season (frozen).... 

.do. 

.do. 

93.8 

3.38 

Average..,. 



93.4 

3.16 


« Same lot of cabbage as No. 351, stored 13 days. 


VARIATIONS IN TOTAL AND WATER-SOLUBLE CALCIUM 

In Table 2 are given the date for the calcium content of the samples. 
The percentage of calcium in the fresh vegetable ranged from 0.038 
to 0.053 with an average of 0.046. In the paper previously reported 
one sample ran as low as 0.029, but the other 17 samples fell within 
the limits of 0.038 and 0.056 per cent and averaged 0.043 per cent. 
The results for the two years 1924 and 1925 are unexpectedly close 
to one another, especially when it is considered that the samples for 
the two years were grown on different types of soil and in different 
parts of the country. The marsh samples contained approximately 
one-third more calcium than the upland samples. This excess is 
probably related to the higher calcium content in the soil. Both 
of these sets of samples showed a drop in the calcium content of the 
second cutting as compared to the first; whUe the third cutting in 
both cases not only regained this difference, but slightly exceeded the 
first cutting in percentage of calcium. The Racine samples also 
showed a tendency toward higher calcium in the late samples than in 
the early ones. Less importance can be attached to these figures, how¬ 
ever, since all the samples were not of the same variety of cabbage. 
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Table 2. —Total and water-soluble calcium of cabbage 



Calcitim in dry 
matter 

Per¬ 
centage 
oftotal 

Calcium 
in fresh 
vege¬ 
table 

Sample No. 

Total 

Soluble 

calcium 
extract¬ 
ed by 
water 

349-.. 

Per cent 
0.81 

Per cent 
0.49 

60 ! 

i Per cent 
0.050 

352.. 

.80 

.46 

57 

.051 

355. 

.86 

.36 

42 

.053 

350---. 

.65 i 

.44 

67 

.042 ! 

354. 

.60 ! 

.35 

58 

.043 

356. 

.75 

.46 

61 

.047 

347. 

.66 

j .45 

68 

.045 


Sample No. 

! 

Calcium in dry 
matter 

Per- 
i eentage 
of total 
calcium 
extract¬ 
ed by 
water 

Calcium 
in fresh 
vege¬ 
table 

Total 

Soluble 


Per cent' 

Per cent 


Per cent 

348--. 

0.57 

0.37 

65 

0.038 

351—. 

.63 

.41 

65 

.043 

353--. 

.65 

.32 

50 

.046 

i 357. 

.70 

.44 ' 

63 

: .046 

1 358.. 

.73 

.45 1 

61 

1 .045 

I Average—. 

.70 

.42 

60 

: .046 


As the cabbage matures the percentage of water-soluble calcium 
decreases. All the samples show a change from soluble to insoluble 
forms of calcium as the season advances, but the marsh samples 
manifest this change to the most marked degree. This cabbage 
contained 60 per cent of the total calcium in a water-soluble form on 
September 29 and only 42 per cent on November 11. The effect of 
storage on water-soluble calcium is shown by samples 351 and 353. 
Storage for 13 days reduced the water-soluble calcium from 65 to 
50 per cent of the total. 

VARIATIONS IN THE TOTAL AND WATER-SOLUBLE PHOSPHORUS 

OF CABBAGE 

In Table 3 are given the data for the phosphorus content of the 
samples. The maximum percentage in any sample of fresh vegetable 
is 0.036, the minimum is 0.023 and the average is 0.028. The vari¬ 
ations in the 1924 samples were somewhat greater, extending from 
0.017 to 0.037 per cent. This is not surprising since the 1924 experi¬ 
ment included a larger number of samples from more widely separated 
sources. The average for the earlier year, 0.024 is but slightly less 
than that for 1925. There appears to be a slight increase in total 
phosphorus as the crop matures, but the increase is too slight to 
warrant any definite conclusion. 

Table 3. —Total and water-soluble phosphorus of cabbage 


Sample No. 

Phosphorus on 
dry basis 

Per- ! 
eentage! 
of total 1 
phos- 1 
phorus! 
extract¬ 
ed by 
water 

Phos¬ 
phorus 
in fresh 
vege¬ 
table 

i 

Total 

Soluble 


Per cent 

Per cent 


Per cent 

349. 

0.40 

0.26 

65 

0.025 

352. 

.38 

.24 

63 

.024 

355. 

.44 

.18 

41 

.027 

350-. 

.43 

.34 

79 

.030 

354. 

.50 

.30 

60 

,036 

356. 

,53 

.21 

39 

.033 


Sample No. 


351. 

353. 

357. 


358. 


Average--- 


Phosphorus on 
dry basis 

Per¬ 
centage 
of total 
phos¬ 
phorus 
extract¬ 
ed by 
water 

Phos¬ 
phorus 
in fresh 
vege¬ 
table 

Total 

Soluble 

Per cent 

Per cent 


Per cent 

0.41 

0.30 

73 

0.028 

.40 

.20 

50 

.028 

.42 

.27 

64 

.027 

.37 

.28 

76 

.023 

.43 

,26 

61 

.028 
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As in the case of calcium, the soluble phosphorus decreases as the 
cabbage matures. In the Madison sets of samples the soluble phos¬ 
phorus decreased from one-third to one-half of what it was when the 
earliest sample was taken. As shown by a comparison of samples 
351 and 353, storage reduced the solubility of the phosphorus even 
more than it did that of calcium. Additional data are needed, how¬ 
ever, to determine whether this is the general effect of storage. 

The figures for soluble calcium and phosphorus are of the same 
order of magnitude as those which have been reported for plant 
materials by other investigators. 

Ames and Boltz (!) found that 75 per cent of the phosphorus and 
40 per cent of the calcium in alfalfa could be extracted by water. 
In a later paper Osborne, Wakeman, and Leavenworth (S) reported 
that 69.3 per cent of the inorganic matter of alfalfa was soluble in 
water, and that 49.2 per cent could be extracted by grinding and 
pressing the green plants. Of the latter 16.7 per cent was calcium 
and 5.5 per cent phosphorus. 

In a study of the loss of mineral elements by various methods of 
cooking, Peterson and Hoppert (7) found that from summer cabbage 
72 per cent of the calcium and 60 per cent of the phosphorus was 
extracted by boiling water. 

In Table 4 are summarized the data for the two years 1924 and 1925. 
Although samples from the same year may vary from 50 to 100 per 
cent, the averages for the two years are very near together. In all 
but one case the averages for the two years differ by less than 10 per 
cent. The moisture figures for the two years are almost identical. 

Table 4. — Two-year comparison of the average composition of cabbage, based upo7i 
18 sainples for 1924 and 12 for 1925 


Constituent and range 

1924 

1925 

j Constituent and range 

1924 

1925 

Calcium: 

Per ci. 

Per ci. 

! Total nitrogen: 

Per ct. 

Per ct. 

Maximum.. 

0.056 

0.053 

j Maximum. 

0.24 

0.24 

Minimum. -... 

.029 

.038 

[ Minimum.... 

.15 

. 13 

Average. 

.043 

.046 

1 Average... 

.19 

.21 

Phosphorus: 

lyra^imuTTi 

.037 

.036 

; Moisture: 

I Maximum _ . . . ^ . 

93.9 

93. 9 

Minimum__ 

.017 

.023 

Minimum . 

91.0 

92.9 

Average. 

.024 

.028 

Average.. 

92.6 

93.4 




SUMMARY 

The percentage of calcium for 12 samples of cabbage ranged from 
0.038 to 0.053 with an average of 0.046. On an average, 60 per cent 
of this calcium was soluble in water. The percentage of water- 
soluble calcium was highest in immature cabbage and decreased as 
the plant grew older. 

The figures for phosphorus in these same samples varied from 0.023 
to 0.036 per cent and averaged 0.028 per cent. The percentage of 
phosphorus soluble in water, 61, was almost exactly the same as 
that for w^ater-soluble calcium. The solubility of the phosphorus 
decreased as the season advanced. 

The average figures for these two elements for 1925 differ by less 
than 10 per cent from those obtained in 1924 from 18 samples of 
cabbage grown in some of the important cabbage-producing regions 
of the United States. 
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PHOSPHORIC-ACID CONTENT OF CROPS GROWN UPON 
PEAT SOILS AS AN INDEX OF THE FERTILIZATION 
RECEIVED OR REQUIRED^ 

B\^ Frederick J. Alway, William M. Shaw ,2 and William J. Methley, 
Division of Soils, Minnesota Agricultural Experiment Station 

INTRODUCTION 

Numerous European investigators, from the time of HellriegePs 
work vrith barley in pot experiments in 1866 {10) ^ to the present 
{16, 17), have tried to develop methods for the analysis of the soil 
by means of the plant—that is, from the content of plant nutrients 
in the dry matter of crops grown upon a soil to decide upon the 
adequacy of the supply of these nutrients in that soil for maximum 
crop production. Limiting values are obtained for selected crops 
by growing the plants under normal conditions of fertilization, gather¬ 
ing them at a certain stage of development, and analyzing the dry 
matter in order to ascertain the usual proportions of phosphoric acid, 
potash, and nitrogen. The same crops are also grown upon the soil 
imder investigation, harvested at the same stage, and analyzed. 
Any marked deviation in the proportion of a nutrient in the dry 
matter, or in that of the ash, is taken as evidence of a deficiency or 
an abundance of this in an available form. Although these long con¬ 
tinued efforts have so far failed to develop methods of general appli¬ 
cation, they have brought results that in many cases may prove to 
be valuable aids in studies of soil unproductivity. 

Hall, from a detailed study of the composition of the ash of various 
crops grown on the Rothamsted plots {8), concludes that “by selecting 
suitable test plants valuable indications can be obtained as to the need 
or otherwise for specific manuring'X^j 2^- ^77), root crops providing 
,^the most sensitive test plants—mangolds for potash and rutabagas 
-^lor phosphoric acid. Cereals he regards as unsuitable as a rule, 
their ash constituents showing too narrow variations, the best among 
them as an indicator for both phosphoric acid and potash being the 
straw of barley. 

Wagner, who probably has devoted more study to the subject 
than any other investigator, warns against overestimating the de¬ 
pendability of limiting values, even with the root crops and the 

1 Received for publication Apr. 27,1926; issued October, 1926. Published with the approval of the director 
as Paper No. 616 of the Journal Series of the Minnesota Agricultural Experiment Station. 

2 Since September, 1920, a member of the staff of the Tennessee Agricultural Experiment Station. 

3 Reference is made by number (italic) to “Literature cited,” p. 739. 
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cereal straws, botli of which show great differences in their ash con¬ 
tent according to the fertilization they have received. He believes 
that a conclusion can be drawn as to the fertilizer requirements of the 
soil only where there are exceptionally high or exceptionally low per¬ 
centages in the crop, and that by far the greatest number of cases 
do not belong to these extremes {26, f. 22-24)- 

It is in the case of meadows that Wagner has ventured on the most 
definite conclusions, and it is there that ash analysis gives promise 
of most usefulness. Where the phosphoric acid and potash needs are 
fully satisfied he finds that meadow plants give a hay that contains 
0.65 per cent of phosphoric acid and 2 per cent of potash; the more 
the content sinks below these percentages the greater is the probability. 
that heavier fertilization with phosphate and potash will increase the 
yields. By very great phosphoric-acid hunger he has found the 
content of this to fall as low as 0.2 per cent and with the heaviest 
phosphate fertilization to rise as high as 0.70 per cent (26, 'p. 155- 
156). If the potash content sinks as low as 1.20 per cent, it may be 
safely concluded that potash fertilization will certainly increase the 
yield, and a field experiment in such a case is unnecessary (26, p. 151). 
Wagner has dealt with the same subject in much detail in an earlier 
publication (25). 

Schneidewind (20, p. 190-191) regards plant analysis as of value 
only in certain extreme cases, pointing out that at times an extra¬ 
ordinary variation, up to 300 per cent, is found in the percentage 
content of nutrients on the same field and in the same rotation, while 
by a change in the succession of crops even much greater variations 
can be obtained. 

Most of the data reported in this paper were obtained incidental 
to the study of certain peculiarities and of some unexpected responses 
to fertilization of crops grown upon the peat soils of three Minnesota 
peat experimental fields—Golden Valley, Coon Creek, and Fens— 
all of which are naturally so abundantly supplied with lime that 
liming has been without beneficial effect even for those crops which 
are most sensitive to any deficiency, such as sweet clover. The 
experimental fields have been under operation since 1918, 1919, and 
1915, respectively, and on all three the crops on the unfertilized peat 
have usually been so poor that in farming operations they would ^ 
seldom, have justified the expense of gathering, even in the first year f 
of cultivation and when put in on a carefully prepared seed bed, but 
with the proper fertilization excellent yields have been obtained. i 
Nitrogen applications have been unnecessary for ordinary farm crops, ^ 
upon the yields of which they show little, if any, effect, although 
greatly stimulating the early growth while the soil is stiU cold. Stable 
manure produces satisfactory yields, but with most crops it fails to 
cause any distinct increase over those obtained with phosphate alone 
at Golden Valley or with a combination of phosphate and potash at 
Coon Creek and Fens. 

In order to be able to judge to what extent the composition of the 
crops may indicate the fertilization required, the yields both with 
and without fertilization should be known, and for this reason the 
yields are reported for the crops ■v^hose composition is dealt with in 
this article. 
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CROPS AT GOLDEN VALLEY 

The Golden Valley peat experimental fields {2, 5), located near 
the northwestern corner of Minnesota and 270 miles northwest of 
St. Paul, appear to have been the first reported anywhere in the world 
upon which an application of phosphate alone sufficed to bring 
about maximum crop yields. ^ Potash fertilization caused no im¬ 
provement, and the yields with the combination of potash and 
phosphate have been similar to those with phosphate alone. This 
result in the case of all the crops seeded in the first season at Golden 
Valley, which was very evident on June 20, 1918, when the senior 
author made his first visit to the fields after the planting of the crops 
about the middle of May, was so unexpected that had he not, only 
two months earlier, himself prepared and tagged all the sacks of 
fertilizers for the different plots, and later applied all of the phosphate 
and most of the potash, he would have suspected that by mistake 
the potash had been applied to Series IV and the phosphate to 
Series II instead of the reverse as intended (fig. 1). The very un- 
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Fig. 1.—Diagram showing arrangement and fertilization of plots at Golden Valley sampled for 
analyses in 1919. All the fertilizers had been applied in 1918 

pleasant caustic effect upon the hands and face of the potassium 
cai*bonate in the potash fertilizer employed had so heightened the 
vividness of the details of the application to each of the series in the 
recollection of a neighboring farmer who had applied the mixtup to 
Series III, as well as to the senior author, that any such suspicion 
could not be entertained. A year later a disastrous flood, which 
destroyed all the crops except part of the winter rye and some of the 
hays, emphasized the desirability of a verification of the applications 
independent of personal recollections, and for this purpose the results 
of Wagner^s work appeared to offer the most promise. 

At the time the investigation was decided upon, late in the fall of 
1919, the straw had been discarded from all the grain crops of the 
two seasons' work at Golden Valley. The first analyses were those 
of samples of hay which had been saved for moisture determinations, 
and the next of samples of small grains from the crop of 1918 which 
had been kept for exhibition purposes. These were followed by 
samples of rye from all the plots harvested in 1919. 
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HAY CROPS IN 1919 

The arrangement and fertilization of the hay plots may be seen 
by reference to Figure 1. In April, 1918, the plots m Series lY had 
received 400 pounds per acre of 15 per cent acid phosphate and the 
plots in Series Y had received 12 tons per acre of fresh stable manure. 
A month later all the hay plots were seeded without a nurse crop and 
a cutting taken at the end of August (Table 1). No more phosphate 
or manure had been applied before the samples reported in Table 1 
were taken. The first of July, 1919, just as the hay was ready to be 
cut, the flood occurred and haying had to be delayed. After the water 
had subsided samples of the crop on four typical square yards on each 
plot were taken, cured in a well-aired barn loft, and later sent to the 
experiment station. On two sets of plots, Nos. 13 and 29, although 
alsike clover and redtop had been seeded along with the timothy, 



% Pz^S TimcPhy Brome 6ra<S4 Western f^ye Brass 


I [ No ferfUizer ||||||| Phosphaie Manure 

Fig. 2 ,--Effect of fertilization upon the phosphoric-acid content of 
dry matter of hays at Golden Valley in 1919 

they formed an almost negligible proportion of the hay. The same 
was true of the red clover and redtop seeded on Nos. 11 and 27. 
So the crop from these four consisted almost exclusively of timothy. 

Table 1 .— Yield per acre of hay crops at Golden Valley 
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Table 2. —Ash and phosphoric-acid content of hay crops grown at Golden Valley 

in 1919 


Crop and fertilization 

Series 

Plot 

Ash in 
dry 
matter 

P 2 O 5 in 
ash 

P 2 O 5 in 
dry 
matter 

Relative 
yield ® 

Timothy: 

None. 

I 

11 

Per cent 
7.09 

Per cent 
4.50 

Per cent 

0.32 

100 

Do.-... 

I 

13 

5. 77 

3.29 

.19 

100 

Do.. 

I 

27 

a 24 

3.69 

.23 

100 

Do.... 

I 

29 

6.02 

2.99 

.18 

100 

Average.. 



6.28 

3.62 

.23 

100 

Phosphate. 

IV 

11 

4.45 

8.09 

.36 

189 

Do. 

IV 

13 

5.21 

5.57 

.29 

150 

Do. 

IV 

27 

5.17 

6.38 

.33 

154 

Do. 

IV 

29 

5.59 

5. so 

.33 

124 

Average... 



5.10 

6.48 

.33 

154 

Brome grass: 

None.-. 

I 

8 

6.04 

3.64 

.22 

100 

Do... 

I 

24 

4.97 

3.22 

.16 

100 

Average. 



5.50 

3.43 

.19 

100 

Phosphate. 

IV 

8 

5.06 

5.13 

.26 1 

161 

Do. 

IV 

24 

4.89 

6.54 

.32 

130 

Average. 



4.97 

5.83 

.29 

145 

Manure. 

V 

8 

5.23 

5.35 

.28 

232 

Do. 

j 

V 

1 

24 

4.96 

6.25 

.31 

128 

Average. ‘ 

1 

i 


5.09 

5.80 

.29 

180 

Western rye grass: 

None. 

i 

I I 

6 

3.99 

5.51 

.22 

100 

Do. 

j ^ 

22 

4.17 

3.84 

.16 

100 

Average. 



4.08 

4.67 

.19 

100 

Phosphate. 

IV 

6 i 

3. 47 ’ 

12.96 

.45 

278 

Do. 

! IV 

j : 

22 1 

3.54 

9.32 

.33 

121 

Average. 

i 


3.50 

11.14 

.39 

199 


« The yield on the unfertilized plot of each pair is placed at 100. 

The percentages of P2O5 and ash are reported in Table 2, and the 
effect of the various treatments upon the former is shown in Figure 
2 . The P 2 O 5 content, whether referred to the drj matter or to the 
ash, was in all cases higher on the fertilized plots. In the crop from 
the unfertilized land it was so low as clearly to place this soil in the 
phosphate-deficient class, according to Wagner^s conclusions men¬ 
tioned above, but the hay from the phosphate-treated and from the 
manured land showed only from 0.26 to 0.45 per cent of P 2 O 5 instead 
of the 0.65 per cent which Wagner considers the normal amount in 
hays from fields so liberally supplied with phosphate that larger 
applications will produce no further increase in yield. This would 
suggest that the initial application of phosphate should have been 
much heavier. 































706 


Journal of Agricultural Besearcli 


Vol. 33, No. 8 


SMALL GRAINS IN 1918 

The fertilization of the grain plots was the same as for the hay 
plots described above. At Golden Valley previous to the establish¬ 
ment of the experimental fields, the practice of burning had been 
developed locally by some of the peat-land owners {3, p. 98), and 
this was tried out along with other methods as a means of overcoming 
unproductivity. On the plots referred to as burned/^ from 9 to 18 
inches of peat had been burned off and on some the peat layer had 
been entirely destroyed. The resulting ash, with its abundance of 
available phosphate as well as much lime and a little potash, had 
been well mixed with the soil by plowing or disking. The burning 
was equivalent to an application of readily available phosphate many 
times as heavy as that applied in the form of acid phosphate to the 
phosphate-treated plots. 



I |/16 f^rn'/ner ^^Mar,ure ^^^Mineraf 

Fig. 3.—Effect of fertilization upon the phosphoric-acid content of small grains at Golden 

Valley in 1918 


Each crop tried on the peat was also sown on the same day on an 
adjacent field of mineral soil, a black prairie loam, no application of 
manure or fertilizer being used. 

The yields of grain are reported in Table 3 and the ash and P 2 O 5 
content in Table 4, and the latter is shown in Figure 3 . Each 
sample analyzed was a composite from the duplicate plots, each 
2 by 2 rods, and representative of the whole of each plot. 


Table 3. —Yieid per acre 0 / smaZi grains at Golden Valley in 1918 


Spring rye. 

Oats. 

Barley_ 

Field peas. 


Crop 


On peat soil 

On unfer¬ 
tilized 
mineral 
soil 

No fer¬ 
tilizer 

With 

phos¬ 

phate 

With 

manure 

Burned 

Bushels 

Bushesl 

Bushels 

Bushels 

Bushels 

14.6 

39.6 

36.8 

59.7 

23.9 

32,8 

81.3 1 

72.1 

66.4 

39.6 

7.4 

24.6 1 

25.3 

42.4 

27.6 

10.8 

18.2 

24.2 

22.0 

18.9 
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Table 4. —xisli and 'phosphate content of small grains from Golden Valley in 1918 


Constituent and soil 

Pertilization 

Spring 

rye 

Oats 

i 

Barley i 

Field 

peas 

Ash in dry matter: 

Peat—.. 


Per cent 
1.87 

Per cent 

2.96 

Per cent 

2. 79 

Per cent 

2. 71 

Do.. 

Phosphate__ _ 

2.03 

2.81 

2.69 I 

3. 51 

Do. 

Manure_ 

1.84 

3.01 

3.01 

3.39 

Do.. 

Burned____ 

2.17 

3.07 

2.99 

3. 36 

Mineral. 

None. __ 

2.43 

3.40 

Phosphoric acid in ash: 

Peat.. 

None_ 

33.69 

17.91 

17.90 

19. 56 

Do.. 

Phosphate.- -- _ 

41.33 

29.89 

33.83 

28. 50 

Do__ 

Manure.-__ 

40.22 

25. 58 

27.24 

26. 26 

Do--_.. 

Burned..-_ 

47. CO 

37.40 

35.45 

23.21 

Mineral. 

None.. 

49.34 

32.47 

Phosphoric acid in dry matter: 
Peat—__ 

None_ 

.63 

.53 

.50 

. 52 

Do-.. . 

Phosphate 

.84 

.84 

, 91 

1. 00 

Do.... 

Manure_ 

.74 


.82 

.89 

Do__ 

Burned_ 

1.02 

l! 15 

1.06 

. 78 

Mineral___ 

None _ 

1.20 

1.10 

Relative yields of grain:« 

Peat___ 

None_ 

100 

100 

100 1 

lOO 

Do.-. 

Phosphate_ 

271 

247 

442 ! 

169 

Do... 

Manure _ 

252 

219 

342 

: 224 

J79 

Do.. 

Burned .- 

312 

162 

576 

371 

Mineral.-.- 

None .... 

160 

120 

175 

Relative jdelds of straw:« 

Peat. 

None ___ 

100 

100 

lOO 

> lOO 

Do.. 

Phosphate.- .. 

233 

304 

267 

227 

Do. 

Manure____ 

247 

269 

306 

218 

Do. 

Burned_ _ 

248 

338 

486 

153 

Mineral. 

None.—__ 

100 

115 

163 

128 




“ The yield on the unfertilized peat soil is placed at 100. 


In the case of all four grains fi'oin the peat the P 2 O 5 was much higher 
with the three treatments that supplied phosphate. In three of the 
four cases it was highest in the grain from the burned plots, but even 
on these it was only about like that in the grains from the mineral soil. 

WINTER RYE IN 1919 

In the season of 1919 winter rye was the only grain crop that ma¬ 
tured, the others having been kiUed before maturity by the July flood 
{3, p. 51). Even the rye 'was injured, and showed a weight per bushel 
of only 50 to 52 pounds on the best fertilized plots, but on those 
receiving phosphate or manure it averaged, nevertheless, about 20 
bushels per acre. 

There were two distinct experiments with the rye, in one of which 
it wa.s sown on plots that had produced barley in the crop season of 
1918 (fig. 1 , Series I to VI, plots 7, 12 , 23 and 28), while in the other, 

■ involving the use of different quantities of acid phosphate, the rye was 
sown on land that had not previously been under experiment (fig. 1 , 
Series VII, plots 1 to 20 ). In the case of both experiments, 4 square- 
yards had been harvested from each plot, these samples threshed, and 
the grain saved. 

On the plots that produced barley in 1918 the stubble had been 
plowed right after harvest, worked down, and seeded to rye without 
additional fertilization. Early in November a top dressing of 200 
pounds per acre of 15 per cent acid phosphate was applied to the north 
half of the plots that five months before had received phosphate alone 
and to the south half of those that had been given potash as well as 
phosphate. Thus these two series of fortieth-acre plots had, in effect, 
been subdivided into four series of eightieth-acre plots. The applica¬ 
tion of potash in April, 1918, both alone and with phosphate, consisted 



























































708 


Journal of AgrieuUwral Research 


Vol. 33, No. 8 


of 500 pounds per acre of Nebraska potash salts carrying 28 per cent 
potash, largely in the form of carbonate. The manure-with-phos- 
phate application consisted of 12 tons per acre of manure with 400 
pounds of the phosphate, and it also was added in April, 1918. In this 
experiment in the case of each treatment there are analyses of four 
samples, each from a different plot, except with the manui-e and 
phosphate, where there were samples from only two. The yields are 
reported in Table 5 and the content of ash and P 2 O 5 in Table 6 , while 
the last is shown graphically in Figure 4. 



Fig, 4.~Effeet of fertilization upon the phosphoric-acid content of winter rye at Golden Valley 

in 1919 


Table 5. —Yields per acre of winter rye at Golden Valley in 1919 on plots that had 

produced barley in 1918 


Plot No. 

With no 
fertilizer 

With 

potash 

Mlth 

phos¬ 

phate 

applied 

once 

With 

phos¬ 

phate 

applied 

twice 

With 
potash, 
and phos¬ 
phate 
once 

With 
potash 
and phos¬ 
phate 
twice 

1 i 

! With 
j manure 

! 

With 
manure 
and phos¬ 
phate 

7. 

Bushels 

3.3 

Bushels 

3.7 

Bushels 

28.8 

18.6 

17.6 

Bushels 

27.5 

19.2 

20.4 

Bushels 

19.1 

23.6 

21.8 

Bushels 

25.4 

20.4 
18.3 

! Bushels 
; 23.1 

I 21.0 

1 20.3 1 

Bushels 

12 .:.. 

4.5 

4.5 


23. 

3.5 

2.8 

17. & 

28. 

3.7 

3.8 

1 L6 

13.0 

16.4 

10.2 

; 12.7 

1 18.0 

Average. 

3.7 1 

3.7 1 

19.1 

20.0 

20.2 

18.6 

19.3 

^ 17.9' 


Ik 
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Table 6. —Ash and phosphate content of winter rye grown at Golden Valley in 1919 
on peat soil that had produced barley in 1918 


Constituent and 
plot No. 

With no 
fertilizer 

W'ith 

potash 

With 

phos¬ 

phate 

applied 

once 

With 

phos¬ 

phate 

applied 

twice 

With 

potash 

and 

phos¬ 

phate 

applied 

once 

With 

potash 

and 

phos¬ 

phate 

applied 

t\vice 

With 

manure 

With 

manure 

and 

phos¬ 

phate 

Ash in dry matter: 

Per cent 

Per cem 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

7 

2.58 

2.48 

2.25 

2.18 

1.98 

1.78 

1.85 


12 ..... 

1.78 

1.68 

2.12 

2.08 

1.78 

2.08 

1.92 


23.. 

1.81 

1.88 

2.35 

2.26 

1.95 

2.22 

2.15 

2.25 

28 

1.78 

1.65 

2.02 

2.25 

1.85 

2.28 

1.98 

2.05 

Average_ 

1.99 

1.92 

2.18 

2.19 

1.89 

2.09 

1.98 

2.15 

Phosphoric acid in 









ash: 









7.. 

26.74 

31.45 

48.88 

49.54 

41.92 

56.18 

45.40 


12 . 

38.20 

41.66 

45.28 

46.15 

46.01 

50.96 

50.51 


23. 

37.02 

35.64 

48.93 

47.79 

44.10 

50.00 

46.97 

47.10 

28. 

35.95 

37.58 

44.55 

46.66 

41.62 

46.93 

40.91 

45.85 

Average. 

34.48 

36.58 

46.91 

47.53 

43.43 

51.02 

45.95 

46. 47 

Phosphoric acid in 







! 


dry matter: ! 









7,..,___ 

.69 

.78 

1.10 

1.08 

.83 

1.00 

.84 


12 . 

.68 

.70 

.96 

.96 

.82 

1.06 

.97 


23.-. 

.67 

.67 

1.15 

1.08 

i .86 

1.11 

1.01 

1.06 

28. 

.64 

.62 

.90 

1.05 

! .77 

1.07 

.81 

.94 

Average. 

.67 

.69 

1.03 

1.04 

.82 

1.06 

.91 

1.00 

Relative yields of 









grain: •* 









7_ 

89 

100 

778 

743 

516 

686 

624 


12 . 

122 

95 

503 

519 

638 

551 

568 


23. 

95 

76 

476 

551 

589 

495 

549 

481 

28. 

100 

103 

314 

1 351 

441 

276 

343 

486 

Average. 

100 

93 

518 

1 541 

546 

502 

521 

483 

Relative yields of 



1 

I 





straw:« 

i 








7. 

105 

100 

306 

1 384 

322 

349 

279 


12 . 

125 

106 1 

253 

i 312 

297 

292 

271 


23. 

97 

72 

254 

1 260 

238 

215 

266 

275 

28... 

73 

74 

156 

1 184 

174 

120 

174 

221 

Average... 

100 

88 

242 

I 285 

258 

244 

248 

248 


“ The average yield on the four unfertilized plots, 3.7 bushels of grain and 924 pounds of straw per acre 
is placed at 100. 


The P 2 O 5 content was not affected by the potash application, but 
was much increased by both phosphate and manure. The second 
application of phosphate in some cases caused a definite increase in 
the P 2 O 5 content compared with the single application, but in other 
cases no effect was noticed. In the grain from the plots that received 
potash along with phosphate in April, 1918, but no phosphate after¬ 
wards, there was less P 2 O 5 than with any of the other fertilizers 
supplying phosphate. 

In the other experiment, just prior to sowing the rye on land not 
previously fertilized, acid phosphate was applied at rates of 50 to 
800 pounds per acre. The 20 plots were each 2 by 2 rods and formed 
a long series, shown as VII in Figure 1 . The yields on the unfer¬ 
tilized plots were somewhat better than those on Series I in the 
experiment just described, which may be attributed to the fact that 
there was no removal of P 2 O 5 from VII by cropping in 1918. The 
heavier applications caused the highest yields (Table 7). 
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Table 7. —Ash and phosphoric-acid content of winter rye grown in 1919 at Golden 
Valley on peat soil fertilised with acid phosphate applied at different rates 


Rate per acre of acirl-phosphato application 


Constituent and order of plots 




200 

400 

800 

None 

50 

100 


pounds 

pounds 

pounds 

pounds 

pounds 

Plot numbers: 







l.._.. 

1 

10 

8 


3 

2 

0 

6 

20 

9 

7 

4 

12 

3 - ... 

11 


18 

15 

13 


4....... 

16 


19 

17 

14 


Ash in dry matter; 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1 ...... 

1.81 

1.81 

1.87 

2.45 

2,73 

2.34 

q 

2.26 

1.78 

2.18 

2.18 

2.35 

2.41 

3 * . _ 

2.16 


1 95 

2.15 

2.32 


4___ 

1.71 


2.38 

2.15 

2.45 

I 

Average.... 

1.98 

1.79 

2.09 

2.23 

2.46 

2.38 

Phosphoric acid in ash: 







1_.... 

35.36 

1 35.91 

37.44 

37.15 

38.83 

45.73 

2 

31.86 

37.64 

39.00 

40.36 

39.57 

45.64 

3..... 

33.34 


38.46 

42.32 

45. 69 


4.... 

40.94 


32.34 

40.93 

42.04 









Average.... 

35.37 

36.77 

36. 81 

40.19 

41.53 

45.68 

Phosphoric acid in dry matter: 







1-.....! 

.64 

.65 

.70 

.91 

1.06 

1.07 

‘2 

.72 

,67 

.85 

.88 

,93 

I.IO 

3....' 

.72 


.75 

.91 

1.06 


4... 

.70 


. 77 

.88 

1.03 


Average.-.. 

.09 

.66 ^ 

.77 

.90 

1.02 

1.09 

Relative yield of gi-ain:** 







1. 

i 128 

222 

366 

345 

381 

532 

2. 

1 60 

155 

259 

426 

345 

368 

3.... 

I 97 


302 

221 

329 


4. 

1 115 


182 

378 

255 









Average. 

1 100 

188 

277 

842 

327 

450 


® The average yield on the 4 unfertilized plots, 5.8 bushels, is placed at 100. 


The proportion of P 2 O 5 was not affected by the 50-pound application 
and only slightly raised by the 100 -pound fertilization, although with 
the latter the yield was nearly trebled. The heavier treatments with 
phosphate, however, distinctly raised the proportion in the grain, 
\vhich reached as high values as on any of the older plots, Series I to 
VI, in either 1918 or 1919. 

The failure of the lightest application to increase the P 2 O 5 content 
is to be attributed to the extreme phosphate hunger of the rye, even 
after receiving this application. The yield of both grain and straw 
was at least doubled by the light phosphate application and about 
twice as much P2O5 was removed by the crop from an equal area, even 
though the percentage in the grain was no higher. 

CROPS AT COON CREEK 

The Coon Creek Peat Experimental Fields are only 20 miles north¬ 
west of St. Paul and of the three are the most accessible to the experi¬ 
ment station. Immediately adjacent to them are the Coon Creek 
Sand^ Experimental Fields. The peat is very unproductive unless 
fertilized with both potash and phosphate. Potash applied alone is 
slightly beneficial, but with applications of phosphate without accom¬ 
panying potash the yields either remain imaffected or are somewhat 
depressed, indicating that the natural supply of P 2 O 5 is better than 
that of K 2 O. The crops of the seventh season were removed in 
^ 1925, and no distinct change in behavior has been observed. On two 
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adjacent series the same crops have been grown in a rotation every 
year, the one series receiving both phosphate and potash each spring 
and the other remaining unfertilized. The first has continued highly 
productive, whereas the other continues unproductive. The un¬ 
fertilized series shows no distinct decline year by year; m the seventh 
season the crops are as good as in the first—as though the decay of 
the peat each season sets free enough P 2 O 5 and K 2 O to produce a 
very light crop. 

The adjacent sand fields, although decidedly lime deficient, show 
little response to potash and still less to phosphate fertilization. 

Except where otherwise indicated the crops analyzed were on land 
that had been tile-drained in October, 1918, broken during the follow¬ 
ing month, and worked down in April, 1919. 

HAY CROPS IN 1920 

In May, 1919, a mixture of timothy, red clover, and alsike was 
seeded without a nurse crop on four plots—one unfertilized, one 
given phosphate only, another potash only, and the fourth the com¬ 
bination of phosphate and potash. The phosphate applications 
consisted of 400 pounds per acre of 16 per cent acid phosphate in May, 
1919, and half as much in April, 1920: The potash applications were 
500 pounds per acre of 28 per cent Nebraska potash salts in May, 
1918, and 100 pounds per acre of muriate of potash in April, 1920. 
A cutting of hay was taken at the end of August, 1919. On all the 
plots the stand of both the clovers and the timothy was excellent, and 
during the winter suffered no injury. On June 19, 1920, when the 
plants were about half grown, 50 of timothy and 50 of each of the 
clovers were cut off even with the ground for analysis. Although the 
combination of potash and phosphate more than doubled the yield 
in both seasons, neither caused any increase when used alone. The 
P 2 O 5 content (Table 8 ) was raised by the use of phosphate alone and 
unaffected by the potash alone or by the combination of potash and 
phosphate. Although the combination failed to distinctly increase 
the percentage of P2O5, it trebled the yield of hay, and hence trebled 
the amount of P 2 O 5 removed in the crop from a unit area. 

Table 8 . —Ash and phosphoric acid in plants from clover-timothy meadow on peat 
soil at Coon Creek in 1920 


Constituent and plants 

With no 
fertilizer 

With 

potash 

With 

phos¬ 

phate 

With 

potash 

and 

phos¬ 

phate 

Ash in dry matter: 

Red clover....... 

Per cent 
6.70 

Per cent 
6.68 

Per cent 
6.73 

Per cent 
7.75 

Alsike clover.... 

7.58 

7.60 

7.58 

7.38 

Timothy.^. 

3.75 

4.13 

3.48 

3.55 

Phosphoric ^id in asti: 

Red clover_____ 

5.37 

5.39 

8.17 

5.16 

Alsike clover.... 

5.93 

5.53 

7.52 

5.96 

Timothy_ _ _ 

6.93 1 

7.26 

10.64 

Phosphoric acid in dry matter: 

Red clover...... 

.36 

.36 

.55 

.40 

Alsike clover........ 

.45 

.42 

.57 

.44 

Timothy___ __ 

.26 

.30 

.37 

Yields per acre of hay: 

Crop of 1919, Sept. 25..... 

Tom 

1.07 

Tons 

.99 

Tom 

.77 

Terns 

2.42 

First crop of 1920, July 3...... 

1.16 

.41 

.84 

2.47 

Second crop of 1920, Aug. 30_ 

.87 

.66 

.80 

2.24 

Sum of 2 crops in 1920..... 

2.03 

1.07 

1.64 

4.71 
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Two plots near those just dealt with were given a coating of sand, 
at the rate of 300 tons per acre, early in July, 1918, and a few days 
later, along with many other plots, seeded with a mixture of timothy, 
alsike, and red clover, a good stand resulting. Late in September 
of the same year the plots were mowed, the yield of dry hay being 
0.74 ton per acre on the one and 0.64 on the other, compared with 
0.28 and 0.37 ton on the corresponding plots receiving neither fertili¬ 
zer nor sand. Early in the following May each plot was subdivided 
into four parts, one of which was left unfertilized, one treated with 
potash only, another with phosphate only, and the third with the 
combination of potash and phosphate. In 1920 two cuttings of 
hay were taken, and the sanded plots, even those unfertilized, yielded 
nearly four times as much as the corresponding plots that had received 
neither sand nor fertilizer. Potash increased the yield on the sanded 
plots nearly as much when applied alone as when combined with 
phosphate. On June 19, when the plants were about half grown, 
samples composed of 50 typical plants of the timothy and the two 
clovers were taken. 

Table 9. —Ash and phosphoric acid in plants from clover-timothy meadow on sanded 
peat soil at Coon Creek in 1920 


Constituents and plants 

With no 
fertilizer 

With 

potash 

With 

phos¬ 

phate 

With 

potash 

and 

phos¬ 

phate 

Ash in dry matter: 

Per cent 

Per cent 

Per cent 

Per cent 

Red clover.. 

7.15 

7.33 

6.05 

6.83 

Alsike... 

5.78 

7.28 

6.25 

7.30 

Timothy.1 

3.90 

4.38 

3.88 

4.95 

Phosphoric acid in ash: 





Red clover... 

3.07 

4.23 

6.60 

5.85 

Alsike...... 

8 .99 

6.18 

10.56 

8.36 

Timothy. 

8.97 

7.08 

12.11 

9.29 

Phosphoric acid in dry matter: 





Red clover...... 

.22 

.31 

.40 

.40 

Alsike... 

.52 

.45 

.66 

. 61 

Timothy... 

.35 

.31 

.47 

.45 

Yield per acre of hay in 1920: 

Tons 

Tons 

Tons 

Tons 

First cutting...... 

2.29 

3.11 

1.82 

3.92 

Second cutting..... 

1.20 

1.51 

1.71 

1.98 

Sum of two cuttings.. 

3.49 

4.62 

3,53 

5.90 


The P 2 O 5 content (Table 9) of the dry matter bears much the same 
relation to the fertilization as on the unsanded meadow, except that 
here the combination of potash and phosphate raised the percentage 
practically as much as the posphate alone. 

RYE HAY IN 19^0 

Winter rye plants were gathered on June 11,1920, from plots on the 
peat and on the adjacent sand experimental field. On each four 
treatments are represented, namely, none, potash, phosphate, and 
potash with phosphate. On the peat the fertilizer applications were 
the same as on the timothy-clover plots above, and on the sand they 
were about the same. On the peat potatoes had been grown in 1918, 
the rye having been sown as soon as these were dug, that is, early in 
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September; on the sand the rye had been preceded by a clorer 
meadow. 

The average weight of the culms reported in Tables 10 and 11 does 
not indicate the relative production of dry matter on the different 
plots, as the culms were much more numerous as well as heavier on the 
plots receiving the proper fertilization. The yields of the mature 
crop, reported in the last section of the tables, very well indicate the 
relative growth on the different plots at the time of sampling. 

Table 10. —Ash and phos'phoric-acid content of winter rye hay from peat soil at 

Coon Creek in 1920 


Plot 


With no 
fertilizer 

With 

potash 

With 

phos¬ 

phate 

With 
potash 
and phos¬ 
phate 

Ash in dry matter: 






East... 

_per cent. - 

5.04 

6.08 

'5.70 

4.90 

West.... 

_do_ 

4.82 

6.20 

4.45 

4.84 

Average...... 

.do_ 

4.98 

6.14 

5.07 

4.87 

Phosphoric acid in ash: 






East..... 

-.do.— 

8.03 

4.44 

14.04 

11.43 

West... 

_do_ 

9.34 

5.00 

12.81 

8.88 

Average... 

.do_ 

OG 

4. 72 

13.42 

10.15 

Phosphoric acid in dry matter: 






East. 

.do_ 

.45 

.27 

.80 

.66 

West... 

_do_ 

.45 

.31 

.57 

.43 

Average. 

.do_ 

.45 

.29 

.68 

.49 

Dry weight of 100 culms: 






East.. 

.grams.. 

19 

25 

15 

39 

West. 

.do_ 

26 

40 

38 

50 

Average. 

.do.... 

22 

32 

26 

44 

Ratio of green weight to dry weight: 






East.-.. 


4.3 

4.1 

4.3 

3.6 

West.... 


4.0 

4.2 

3.9 

4.3 

Average.... 


4.1 

4.1 

4.1 

3,9 

Relative yields of dry matter in mature crop: “ 






East.. 

_per cent.. 

66 

184 

64 

287 

West... 

.do_ 

133 

265 

185 

399 

Average-,-.— 

.do_ 

100 

224 

124 

343 




“ The average of the yields on the unfertilized plots, 1,450 pounds per acre, is placed at 100. 


Table 11. —Ash and phosphoric-acid content of winter rye hay from Coon Creek 
sa7id experimental field in 1920 


[ 1 

1 1 

Pint ! i 

i fertilizer j 

' 

' ' i 

With 

potash 

With 

phos¬ 

phate 

With 
potash 
and phos¬ 
phate 

Ash in dry matter: 

South.-.-__per cent..! 

North....-.do_ 

4.30 
4.10 

4.58 

4.28 

4.64 

4,34 

4.34 

4.34 

Average..... .do_ 

4.20 

4.43 

i 4.49 

4.34 

Phosphoric acid in ash: 

South.- .do— 

North.do- 

Average.do—j 

13.26 

12.44 

12.23 

14.25 

12.93 
13.13 

13.36 

ia59 

12.85 

— 

13.24 

13.03 

13.47 





























714 


Journal of Agri&ultural Research 


Vol, 33, No. 8 


Table 11 .—Ash and phosphoric-acid content of winter rye hay from Coon Creek 
sand experimental field i7i 19W —Continued 


Plot 


With 110 
fertilizer 

With 

l>otash 

With 

phos¬ 

phate 

With 
potash 
and phos¬ 
phate 

Phosphoric acid in dry matter: 



0.56 

0.60 


South. 

...per cent.. 

0.57 

0.58 

North.. 

.do_ 

.51 

.61 

.57 

.59 

Average..-.- 

.do_ 

.54 

.58 

.58 

.58 

Dry weight of 100 culms: 






South........ 

.grams. - 

41 

37 

40 

46 

North.... 

.-do_ 

47 

39 

54 

54 

Average.... 

_::-_dO_ 

44 

38 

47 

60 

Ratio of green weight to dry weight: 



2.7 



South___ __ 


2.6 

2.7 

2.6 

North..-.. 


2.7 

2.7 

2.9 

2.9 

Average.. 


2.6 

2.7 

2.8 

2.7 

Relative yields of dry matter in mature crop: » 






South. 

_per cent.. 

91 

100 

86 

94 

North.-. 

-:--do- 

108 

93 

111 

96 

Average. 

.do— 

100 

96 

98 

95 


« The average of the yields on the unfertilized plots, 2,823 pounds per aero, is placed at 100. 



Fig. 5.'—Effect of phosphate fertilization upon the phosphoric-acid 
content of dry matter of straw of small grains at Coon Creek 
in 1919. 


From Tables 10 and 11 it will be seen that very different results 
were secured on the two fields. On the sand, on which none of the 
fertilization improved the growth, there was no distinct effect on the 
P 2 OS content, while on the peat, on which the combination of phos¬ 
phate and potash had greatly increased the growth, there were some 
marked effects, the phosphate alone distinctly raising the PsOs, the 
potash alone as distinctly lowering it, and the combination giving 
intermediate values so similar to those obtained on the unfertilized 
plots that the treatment of the plots could not have been identified 
from the analyses. On the sand the P 2 O 5 content was comparatively 
high on all the plots and the phosphate fertilization did not distinctly 
increase it. 
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It is of mterest to note that the P 2 O 5 content of the rye hay from 
the unfertilized plots on peat at Coon Creek, 0.45 per cent, is the 
same as that on a phosphate-treated plot at Golden Valley (Table 22 ), 
from which samples were collected on the following day, and much 
higher than that of the unfertilized rye at the latter place. 

STRAW OF SMALL GRAINS IN 1919 

In Table 12 are reported the yields and the P 2 O 5 content of the 
straw of oats, spring rye, wheat, and flax grown at Coon Creek in 
1919, both without any fertilizer and with phosphate only. The fer¬ 
tilizers were applied and the seed sown early in May. The phosphate 
plots received 400 pounds per acre of 16 per cent acid phosphate. 
Both without any fertilizer and wdth phosphate only the yields were 
very poor. With each of the four crops the P 2 O 5 content of the 
straw" was about doubled by the fertilization (fig. 5). 

Before this study was decided upon the straw- from the tw^o other 
treatments—potash only and potash with phosphate—had been dis¬ 
carded, but it happened that the sample sheaves of buckwheat from 
15 plots of an adjacent experiment on the peat had not yet been 
threshed, and the samples of straws from all of these w-ere analyzed, 
K 2 O as w-ell as P 2 O 5 being determined. 


Table 12. — Phosphoric-acid content of strata of small grains grown on peat at Coon 

Creek in 1919 


Ash aud P 2 O 5 determinations, 
and yields 

Oats 

Spring rye 

Wheat 

Flax 

Unfer¬ 

tilized 

Ferti¬ 

lized 

with 

phos¬ 

phate 

Unfer¬ 

tilized 

Ferti¬ 

lized 

with 

phos¬ 

phate 

Unter- 

tilized 

Ferti¬ 

lized 

with 

phos¬ 

phate 

Unfer¬ 

tilized 

Ferti¬ 

lized 

with 

phos¬ 

phate 

Ash in dry matter, per cent. 

6.420 

7.920 

4.120 

5.220 

6.550 

8.070 

3.630 

4.820 

P 2 O 5 in ash, per cent. 

3.350 

5.570 

3.520 

6.480 

2.340 

3.410 

3.310 

4.730 

P 2 O 5 in dry matter, per cent. 

.215 

.440 

.145 

.338 

.130 

.275 

.120 

.228 

Yield of straw, in pounds per acre-... 

1.253 1 

1,707 

321 

349 

153 

145 1 

2,239 1 

3,496 

Yield of grain, in bushels per acre—. 

14.0 I 

15.2 

1.7 

1.3 

1 

0.6 ' 

8.3 i 

1 

10.4 


The land used in this experiment had been drained at the same time 
as that devoted to the preceding experiments, but only part of it had 
been broken before w"inter set in. The rest w^as plowed at the end 
of the following May and the whole used for the experiment with 
buckwheat, shown in Figure 6 . The individual plots were very 
small, only 16 by 28 feet, necessitating great care in applying the 
fertilizers and in gathering the samples. Each sample was taken 
from 4 typical square yards, and the yields were computed from 
these samples. The seed was sown on three successive dates, June 
13, June 23, and July 5, but all the fertilizers w-ere applied and worked 
into the soil at the same time—that is, just before the first seeding. 

The potash was applied in the form of 28 per cent Nebraska 
potash salts, 500 pounds per acre. The 16 per cent acid phosphate 
was used at the rate of 400 pounds per acre, and the treble super¬ 
phosphate, wfith 48 per cent water-soluble phosphoric acid, at the 
rate of 133 pounds per acre. 
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The loss of grain from the first and second seedings through 
shattering in the field makes the data on yield of grain valueless* 
With the third cutting there was no serious shattering, and the 
yields are reported in Table 13. Neither phosphate alone nor potash 
alone benefited the crop, but a combination of the two doubled the 
yield of grain and greatly increased that of straw. 

Sown Sown Sown 

June 13 June 23 July S 

^ ^ - ^ - ^ 

i i 

I I 

Ac/J p/iosph):^te 400 fbs. pe^ acre 

I 1 

I I 


No fert/UzeY 


Potash salts I soo /bs. per \acre 
\and I 

acid phosphate 400 lbs. per acre 

Potash salts ' soo lbs. per acre 
\and 1 

treble superpl^osphafe /33 /b^. per acre 

I I 

Potash salts j soo lbs. per ^pcre 


i of*»r /p o 

Fig. 6.—Diagram showing arrangement and fertilization of plots used in experiment with buck- 
wheat at Coon Creek in 1919 

The P 2 O 5 content of the straw was increased from three to ten 
fold by the application of phosphate, both alone and in combination 
with potash. The K 2 O was doubled or trebled by the application of 
the potash salts, either alone or in combination (fig. 7 ). 
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Table 13. —Yields per acre from third seeding of buckicheat on peat at Coon Creek 

in 1919 


Fertilization 

Grain 

Straw 

None... 

I Bushels 
i 13.94 

' 8.78 

8.43 

1 27,02 

1 26.81 

Pounds 

1,944 

Acid phosphate.... 

Potash salts. 

: 352 

1,234 
i 3.091 

1 3,291 

Potash salts with acid phosphate... .. 

Potash salts with treble superphosphate—. 


STRAW OF SMALL GRAINS IN 1920 

In the spring of 1920 a block of eight plots that had been fertilized 
the year before and planted to potatoes was refertilized and sown to 
small grains. On three of the plots the crops made a good growth, 



□ 


June IS 


GecOND G££DING 
June ZS 


TNII^O S£££>///G 
July S 


No fertilizer 


Potash 


I Phosphate 


Phosphate with potash 


Fig. 7.—Effect of fertilization upon the phosphoric-acid content of dry matter of buckwheat straw 

at Coon Creek in 1919 


until very heavy rains during the first part of July raised the water 
table almost to the surface, and it remained so high for several 
weeks, in the case of many of the plots, that the later growth was 
very poor. The injury was least on the most westerly plot, No. 1 , 
which was nearest to a tile line, and increased up to No. 8 , which was 
farthest from the drain. This accounts for the difference between 
the yields from duplicate plots and to some extent for the difference 
in the P 2 O 5 content of the straw from duplicate plots. 

Plot No. 1 , which should have received only potash, showed such 
a good growth of various crops that it was suspected phosphate 
might have been applied to this by mistake. To get some information 
on this point, P 2 O 5 determinations were made on such of the straws 
as could be identified, the tags from some having become detached. 

13707—26- 2 
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Table 14. —Composition of straw of buckwheat grown on peat at Coon Creek in 1919 


Constituent and seeding 

With no 
fertilizer 

Wit.h 

potiush 

With 

phos- 

l>hatc 

With 
potash 
and acid 
phos¬ 
phate 

With 

potash 

and 

treble 

super¬ 

phos¬ 

phate 

Ash in dry matter: 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

First...-.. 

5.17 

(5.45 

4.78 

5. 64 

5.58 

Second..... 

4.70 

6.13 

4. 23 

7. 75 

6.95 

Third... 

5.30 

5. 51 

4.60 

8.15 

G. 58 

Average... 

5.06 

0. 03 

4.53 

7.18 

6.37 

Phosphoric acid in ash: 






First...-... 

1.93 

1.24 

18.83 

8. 87 

8. CO 

Second-----— 

3.83 

1.47 

14.47 

10. 32 

14.38 

Third.-...-.. 

1.70 

2.00 

22.62 

9. 81 

7.77 

Average-.-.... 

2.49 

1.57 

18.64 

9. 67 

10.25 

Phosphoric acid in dry matter: 




1 


First.-..... 

.10 

.08 

.90 

.50 

.48 

Second--...... 

.18 

.09 

.61 

.80 

1.00 

Third...-. 

.09 

.11 

1.04 

.80 

.51 

Average. 

.12 

.09 

.85 

.70 

.66 

Potash in ash: 






First.-. 

28.43 

36. 60 

22.60 

47.87 

49.02 

Second. 

27.67 

53. 50 1 

30.74 

54.45 

53.23 

Third. 

27.93 

64.20 

19. 57 

53.00 

49. 54 

Average.1. 

28.01 

61.44 

24.30 

51. 77 

60. SO 

Potash in dry matter: 






First. 

1.47 

2. 36 

1.06 

2.70 

2. 77 

Second.-.-. 

1.30 

3.28 

1.30 

4.22 

3.70 

Third... 

1.48 

3.54 

.90 

4.32 

3.26 

Average.-. 

1.42 

3. 06 

1.09 

3. 75 

3.24 

Eelative yields of straw: « 






First.. 

100 

129 

92 

145 

137 

Second.-. 

ICO 

117 

99 

144 

160 

Third.—-... 

100 

63 

69 

169 

160 

Average.-. 

100 

103 

87 

153 

152 


• “ The. yields on the unfertilized plots on the throe dates, respectively, 3,169,2,6C9, and 1,944 pounds per 
acre, are placed at 100. 
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Table 15. — Phosphoric-acid content of grain straws grown 07i peat at Coon Creek 

in 1920 


Constituent and fertilization 

Plot 

Barley 

Early 

oats 

Late 

oats 

Flax 

Winter 

rye 

A’sli in dry matter: 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

None..-. 

4 

4.90 

5.35 

5.51 

4.15 

3.56 

Do.. 

8 

4.11 

4.78 

5.34 

4. 65 


Average. 


4.50 

5. 06 

5.42 

4.40 


Potash.. 

1 

5.47 

6.75 

6.19 

2.82 

8.92 

Do. 

5 

4.53 

5.48 

5.57 

2.25 

3.86 

Average. 


5. 00 

6.11 

5.88 

2.53 


Phosphate-- 

3 

5.74 

5.65 


2.80 

4.63 

Do. 

7 

7.36 

7.13 


6. 90 

5.76 

Average.... 


6.55 

6.39 



5.19 








Phosphate and potash... 

2 

4.94 

6.06 

5.43 


3.37 

Do. 

6 

6.70 

5.15 

5.84 

4.16 

6.70 

Average. 



5.60 

5. 63 



IM osphoric acid in dry matter: 







None. 

4 

.20 

.09 

.10 

.06 

.08 

Do. 

8 

.24 

.11 

.08 

.07 









Average___ 


.22 

.10 

.09 

.06 

. 








PotJish. 

1 

.10 

.05 

.07 

.05 

.10 

Do. 

5 

.14 

.09 

.05 

.06 

.09 

Average. 


.12 

.07 

.06 

.05 

.09 

Phosphate. 

3 

.68 

.24 


.31 

.37 

Do. 

7 1 

1.29 

.58 


1.25 

.69 

Average..... 

i 

.98 

.41 



.53 








Phosphate and potash_ 

2 1 

.13 

.32 

.33 


.19 

Do. 

6 

.37 

.21 

.30 

.31 

.37 

Average..S 



.26 

.31 


.28 

Yields per acre of straw and grain: 


Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

None. 

4 


2,170 

2,540 

1,350 

1,930 

Do. 

8 1 

1 


730 

1,330 

670 

970 

Average. 

1 


1,450 

1,935 

1,010 

1,450 

Potash. 

1 


3,770 

6,700 

3,820 

3,940 

Do.. 

5 

1,480 

2,570 

4,120 

2,450 

2,680 

Average... 



3,170 

5,410 

3,135 

3,310 

Phosphate. 

3 


2,420 

1,940 

3,890 

2,740 

Do..... 

7 

970 

1,450 

1 1,810 

1,290 

920 

Average. 



1,935 

1,875 

2,590 

1,830 

Phosphate and potash. 

2 

4,030 

5,400 

■ 7,250 

4,290 

5,740 

Do... 

6 


4,100 

5,940 

2,970 

4,280 

Average. 



4,750 

6,595 

3,630 

5,010 


The effect of the applications (Table 15) was as marked as in the 
case of the straws in the preceding season (Tables 12 and 14). The 
very great accumulation of P 2 O 5 in the straw on plots 3 and 7 was due 
to the very light growth of the crops on those plots. The very low 
content of P 2 O 5 in the five samples from plot 1 makes it evident that 
no application of phosphate had been made to this by mistake, and 
if it received any phosphate the quantity must have been very small, 


A 
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such as might be accounted for by the blowing upon it of ashes from 
a few rods just to the south, where in the spring the peat had taken 
fire during a strong south wind and burned for several hours. 


Table 16. — Phosphoric-acid content of buckwheat grown on peat at Coon Creek in 

1919 


Constituent and seeding 

With no 
fertilizer 

With acid 
phosphate 

With acid 
phosphate 
and potash 

Ash in dry matter: 

First. . 

Per cent 
1.71 
1.61 
1.59 

Per cent 

2.07 
2.04 
2.07 

Per cent 
2.05 
1.98 
1.95 

Second. 

Third.... .. 

Average... 

1.64 

2.06 

1.99 

Phosphoric acid in ash: 

First..... 

35.1 

36.6 

33.9 

40.6 

41.2 

40.6 

42.0 

42.9 

42.6 

Second.. . 

Third..... .. 

.iverage.-.l....... 

35.2 

40.8 

42.5 

Phosphoric acid in dry matter: 

First...... 

.60 

.59 

.54 

.84 

.84 

.84 

.86 

.85 

.83 

Second..... 

Third..... 

Average. 

.58 

.84 

.85 



BUCKWHEAT IN 1919 


The P 2 O 5 and ash were determined in the grain from the buckwheat 
on nine of the plots described above (Table 16). There was an 
increase of about 40 per cent in the P 2 O 5 content and of about 25 per 
cent in that of the ash, both with the combination of potash and 
phosphate and with the phosphate alone, although the yield with the 
former treatment was three times as heavy (Table 13). Here, as 
with the buckwheat straw (Table 14), the addition of the potash to 
the phosphate greatly increased the yield without lowering the per¬ 
centage of P 2 O 5 in the crop. 

WINTER RYE AND FLAX IN 1920 

The grain from the duplicate plots of winter rye in the experiment 
dealt with above (Table 15) was combined and analyzed for ash 
and P 2 O 5 (Table 17). The percentages of both were somewhat 
depressed by potash alone and greatly increased by phosphate alone, 
as well as by the combination of phosphate and potash. 


Table 17. Phosphoric-acid content of winter rye and fiax grown on peat at Coon 

Creek in 1920 


Crop 

. 

Fertilization 

Ash 

PaOs in 
ash 

PaOfi in 
dry 




matter 

Winter rye. 

None.. 

Per cent 

1.54 
1.42 
1.90 
1.83 

1 3.56 

4.54 

Per cent 

40 7 

Per cent 

A A? 


Potash. 

40.9 

U. Of 


Phosphate.... 

5l! 6 

. Oo 

9$ 

Flax.. 

Phosphate and potash.... 

5o!8 

40 1 

!93 

None__ 


Phosphate and potash.. 

U* i 

43.2 

1.50 
1.96 



























Oct. 16 ,1926 Phosphoric-Acid Content of Crops a Fertilization Index 721 


Samples of flax grain from two plots were analyzed. Both had 
been cropped in 1919. One had received no fertilizer, while the 
other had been given the mixture of phosphate and potash in May, 
1919, and again in April, 1920, as described above in connection with 
Table 9. The content of both ash and P 2 O 5 was increased by the 
fertilization, the latter by 30 per cent. 

In the same season flax was grown on 12 plots on a field of peat on 
the Kadisson farm, 3 miles from the Coon Creek experimental fields. 
The peat on this field is very similar to that at Coon Creek and had 
been broken the preceding fall. The crops on this were not injured 
by the heavy rains during the early part of July. 

The P 2 O 5 content of the grain bears only a rather uncertain relation 
to the fertilization (Table 18). On the two unfertilized plots it was 
low, on that given only potash still lower, and highest on the plots 
receiving 400 or 800 pounds of phosphate without the maximum 
application of the potash. The yields of potatoes and corn silage 
on adjacent portions of each plot are reported in order to indicate the 
K2O and P2O5 deficiency of the peat, the data on the flax having been 
lost. There was no crop produced on the plot which was given 
phosphate alone. 

Table 18. — Phosphoric-acid content of flax (grain) on Radisson plots in 19B0 



Fertilization, rate 
per acre 


P 2 O 6 
in ash 

P 2 O 6 

Yields per acre 

Plot No. 

Potash 

salts 

Acid 

phos¬ 

phate 

Ash 

in dry 
matter 

Clover, 

timothy 

hay 

Pota- i 
toes 

Corn 

silage 

1. 

Pounds 

0 

Pounds 

400 

Per cent 

Per cent 

Per cent 

Tons 

0.8 

Bushels 

23 

Tons 

7.5 

2. 

o' 

0 

2.95 

39.3 

1.16 

• 6 

24 1 

7.3 

3. 

500 

0 

2.72 

36.4 

.99 

1.0 

151 

12.6 

4. 

500 

200 

3.06 

36.9 

1.13 

1.7 

206 i 

20.8 

5. 

500 

800 

3.96 

40.1 

1.59 

2.7 

250 ' 

26.5 

6. 

1,000 

800 

3.61 

36.8 

1.33 

2.5 

304 

24.7 

7.: 

1,000 

400 

3.26 

38.7 

1.26 

2.8 

280 

22.4 

8. 

500 

400 

3.11 

40.2 

1.25 

2.3 

275 

19.7 

9.... 

250 

400 

3.50 

40.8 

1.43 

2.1 

215 

19.1 

10. 

125 ; 

400 

3.42 

41.2 

1.41 

1.7 

119 

16.5 

11 _. 

0 

0 

3.02 

39.4 

1.19 

.8 

25 

5.4 

12. 

125 

200 

2.99 

38.4 

1.15 

2.0 

128 

10.0 


CLOVER AND RAPE GROWN IN BOXES OF COON CREEK PEAT 

Late in the winter of 1919-20 medium red clover was planted in 
wooden boxes, 12 by 12 by 8 inches, and filled with surface peat soil 
from an unfertilized plot at Coon Creek. One box was fertilized 
with potash salts, a second with acid phosphate, a third with the 
combination of potash and phosphate, and a fourth was left untreated. 
At the same time a parallel set of boxes was planted to dwarf Essex 
rape. Early in June the plants in the eight boxes were cut off even 
with the surface, dried, and analyzed, both P 2 O 5 and K 2 O being 
determined. 

With both crops the P 2 O 5 in the dry matter was unaffected by the 
potash fertilizer alone and increased equally by the phosphate alone 
and the phosphate with potash (Table 19). The percentage of K 2 O 
in the dry matter was raised by the potash, both used alone and 
with the phosphate, but by phosphate alone it was much depressed. 
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Table 19 .—Composition of red cloi^er and rape grown in plots of peat soil from 

Coon Creek 


Constituent and fertilization 

Ash 

P2O5 in 
ash 

P2O5 in 
dry 
matter 

K2O in 
ash 

K2O in 
dry 
matter 

Relative 
yields of 
dry 
matter 

Red clover; 

Per cent 
8.80 

Per cent 
4,43 

Per cent 
0.39 

Per cent 
27.27 

Per cent 
2.40 

100 

Potash . . . .-_ 

11.15 

3.23 : 

.36 

35.96 

4.01 

100 

Phosphate .. . . 

9.25 

6.49 

.60 

16.11 

1.49 

242 

Potash and, phosphate_ 

10.55 

5.88 

.62 

38.86 

4.10 

233 

Rape: 

None-- _ _ _ _ 

13.10 

2.52 

.33 

4. 66 

i 

.01 

100 

Potash . . . . 

lfi.75 

1.79 

.30 

11.76 

1.97 

108 

Phosphate - -- _ __ 

11.70 

7.18 

.84 

3. 33 

.39 

122 

Potash and phosphate - 

12.00 

0.60 

.80 

12. 25 

1.47 

120 


CROPS AT FENS 

The Fens peat experimental fields lie in the midst of an exten¬ 
sive tamarack swamp in northeastern Minnesota, about 50 miles 
north of Duluth. They have been operated by the university since 
the summer of 1915. 

The peat at Fens when first cleared of its natural cover of tama¬ 
racks, heath plants, and sphagnum moss is unproductive unless treated 
with phosphate, manured, or burned, by 'which process phosphate 
is liberated. It is not benefited by liming, and for some years after 
breaking shows little or no response to potash applications. How¬ 
ever, after from four to six heavy crops of hay have been removed 
from the phosphate-treated land, potash-starvation suddenly sets in, 
and after that potash fertilization becomes indispensable for profit¬ 
able crop production. 

TIMOTHY HAY 

In the summer of 1916 a timothy-alsike clover mixture was seeded 
on four plots broken the year before. One, No. 2, received no 
fertilizer and the others annual applications. No. 1 of potash. No. 3 
of phosphate, and No. 4 of phosphate and potash. In 1917 and the 
three following seasons heavy crops of hay were removed from Nos. 
3 and 4, the yields of these each year being much alike. On Nos. 1 
and 2 also the yields were alike, very poor on both, the hay coming 
largely from the so-called “good spots” discussed below. The 
clover on all the plots had practically disappeared by the end of the 
third season, leaving a good stand of timothy. 

On July 16, 1920, samples of the timothy were taken from the tAvo 
halves on all four plots. On Nos. 1 and 2 the good spots were care¬ 
fully avoided in this sampling. The east half of each plot had been 
treated with nitrate of soda in May, but the effect of this, which had 
been very noticeable early in June, had practically disappeared by 
the time of sampling. The analyses are reported in Table 20. 

The P 3 O 5 was alike on the unfertilized and on the potash-treated 
plots, but 150 per cent higher on the two that had received phosphate. 
The K 2 O was much alike on the unfertilized and phosphate-treated 
plots and 60 per cent higher on the two receiving potash. The 
nitrate applications affected neither the yield nor the content of 
P 2 O 5 and K 2 O. 
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Table 20. —Phosphoric acid and potash in timothy at Fens in 1920 


Plot No. 

Fertilization 

Ash 

P 2 OS 
in dry 
matter 

KaO 
in dry 
matter 

Yield of 
hay per 
acre « 

2, west. 

None.. 

Per cent 
4.20 
4.90 

Per cent 
0.18 
.18 

Per cent 
0.9S 
1.19 

Tons 
1.39 
1. 28 

2, east.. 

Nitrate. 

Avci’age. 


4.55 

.18 

l.OS 

1.33 

L west. 

Potash. 

4.77 
5.35 

.20 

.20 

1.88 

1.S6 

.71 

.68 

1, east. 

Potash and nitrate__ _ 

Average. 


5.06 

.20 

1.87 

1 .69 

3, west. 

Phosphate. 

4. 53 
3.92 

.53 

.46 

1.31 
.95 

3.93 

4.01 

3, cast.. 

Phosphate and nitrate 

Average. 


4.22 

.49 

1.13 

3.97 

4, west.. 

Phosphate and potash 

5.03 
4. 54 

.56 

.54 

1.81 
1.83 

3.39 

1 3.50 

4, east. 

Phosphate, potash, and nitrate 

Average. 


4.78 

. 55 ! 1.82 

1 

3.44 

i 


■ 


® From 2 cuttings in the season. 


It is of interest to note that the K 2 O was as high on plot 3 , from 
which heavy crops of hay had been removed in the three preceding 
years and which at the time was producing a heavy crop, as on the 
unfertilized plot, No. 2 , from which only light crops had been ob¬ 
tained, and that on all plots the K 2 O was below what Wagner re¬ 
gards as a safe minimum, 2 per cent. On plot 3, still producing 
heavily, it had fallen to approximately half that. 

SEDGE HAY 

On an adjacent field with similar soil a succession of spring fires 
had killed the trees and burned off the sphagnum-heath plant 
cover. A good stand of sedge (Carex) had occupied the surface 
but the growth in 1919 had been light. In the spring of 1920 part 
of this unplowed sedge-covered field was laid out in large plots and 
these were treated at different rates with 16 per cent acid phosphate. 
The water level, because of the ditching and tiling on three sides of 
the field, was well below the surface at all times during the summer, 
and the fertilization showed little or no effect on the growth of the 
sedge. 

On July 16,1920, the yield was determined by taking 6 representa¬ 
tive square yards from each plot, and the P 2 O 5 and K 2 O content of 
each of these 6 square-yard samples was determined (Table 21 ). 
The yields and the K 2 O content were not appreciably influenced by 
the phosphate application, but the P 2 O 5 content was raised as much 
as 400 per cent by the heaviest fertilization. 


Table 21. —Phosphoric acid and potash in sedge hay from Fens in 1920 


Fertilization, rate per acre 

! 

Ash 

i 

PsOsin 

dry 

matter 

K 2 O in 
dry , 
matter 

Yields of 
bay per 
acre 

None_ 

Per cent 
4.35 

Per cent 
0,21 

Percent 

1.39 

Tons 

1.09 

Acid phosphate, 200 pounds..... 

4.73 1 

.36 

1.29 

.85 

Acid phosphate, 400 pounds_ 

4,67 

.38 

1.41 

.99 

Acid phosphate, 800 pounds_ 

4.17 i 

1.01 

1,25 

.99 
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In the failure of the sedge to respond to the same fertilization as 
the timothy the water level may be regarded as the limiting factor, 
the sedge thriving only when the water is at or a little above the 
surface. In later experiments at and near both Coon Creek and 
Golden Valley, as well as elsewhere in Minnesota, the writers have 
found that these sedges respond to the same fertilization as farm 
crops and to somewhat the same degree, provided the water level is 
favorable. Otherwise the fertilization shows no beneficial effect. 
The edges of plots fertilized in April, when 6 inches of water covered 
the surface and water continued on the surface until July, were as 
sharply outlined by their ranker growth as are timothy and clover 
plots on drained and properly fertilized peat land. 

EXPLANATION OF GOOD AND POOR SPOTS 

In fields on mineral soils good spots with a much ranker, greener 
growth of crop are common enough and are most frequently due to 
the excrement of farm animals. 

Reference has already been made to the suspicion of an inter¬ 
change of fertilizers in the initial applications at Golden Valley and 
to the analytical evidence that such a suspicion was not justified. 

GOOD SPOTS AT GOLDEN VALLEY 

There w^ere 32 unfertilized plots in Series I (fig. 1), on the majority 
of which there was at least one ^^good spot,^' on which the growth 
of the crop was much like that on the corresponding phosphate- 
treated plot, the plants being tall and well stooled and the yield per 
unit area many times as heavy as on the rest of the plot. In general, 
these spots have a rounded outline and range in size from about 2 
square yards to a square rod, wuth the best growth at the center. 
They persist from season to season, suggesting an unusual supply 
of phosphate, either from the droppings of farm animals or from 
shallow burns that occurred before the field was used for experi¬ 
mental purposes. 

From two such spots on one of the unfertilized plots samples of 
winter rye were taken on June 12, 1919, shortly after heads had 
appeared. At the same time samples were taken both of the typical 
poor growth on the same xmfertilized plots and from the correspond¬ 
ing phosphate-treated plots. The proportion of P 2 O 6 in both dry 
matter and ash (Table 22) from the good spots is similar to that on 
the phosphate-treated plot, which may be regarded as evidence 
that these are due to their greater supply of available phosphate, 
whatever the som'ce of it may have been. 


Table 22. —Ash and 'phosphoric acid in heading plants of winter rye from Golden 

Valley in 1920 


Fertilization 

Growth 

Average 
weight of 
100 culms 

Ash 

P 205 m ! 
ash 

! P 205 in 
dry 
matter 

None. 

Typical poor growth.... 

, Grams. 
10 
80 

88 
100 < 

Per cent 
7.88 

I 4.58 

4.63 

4.90 

Per cent 
4.19 
9,83 

10.58 

10.20 

Per cent 
0.33 
.45 

1 .49 

1 .50 

Do. 

Do. 

Acid phosphate in 1918 
md 1919. 

“Good spot” No. 1 on same (poor 
growth) plot. 

“Good spot” No. 2 on same plot. 
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GOOD SPOTS AT FENS 

At Fens on plot 1 , potash only, and plot 2 , unfertilized, somewhat 
similar but much smaller good spots occurred, there being a much 
taller and heavier growth of hay on these spots than on the rest of 
the two plots. On July 16, 1920, four of these spots were sampled, 
and at the same time samples of timothy were secured for analysis 
from the characteristic unproductive portions of these plots (Table 
23). There is in this case nothing in the analyses, except possibly 
the lowered content of ash, to indicate the explanation of the better 
growth, but according to Wagner it is not to be regarded as exceptional, 
on soils very deficient in some one nutrient, for the crop from the 
plot treated with this nutrient to show no increased percentage of 
this along with the greatly increased growth. A somewhat similar 
case has^ been mentioned above—that of the winter rye at Golden 
Valley given only 50 pounds per acre of 16 per cent acid phosphate 
(Table 7). 

Wagner, as an example p. 24), describes a field experiment with 
winter rye in which the straw from an unfertilized plot contained 
0.19 per cent P2O5, whereas on one treated with 300 kgm. of acid 
phosphate and 200 of sodium nitrate per hectare the straw contained 
only 0.17 per cent. There was, however, an increased yield of straw 
and grain amounting to 2,550 kgm. per hectare. On the unfertilized 
plot, because of the shortage of nitrogen, the plants could not make 
use of the P 2 OS as well as they could where available nitrogen was 
supplied them. As a result, they took whatever P 2 O 5 the soil offered 
and deposited it in their leaves and stems without any correspond¬ 
ing growth. 

Table 23 .—Phosphoric acid and potash in timothy from ^^good spots^^ on plots at 

Fens 


Plot 

No. 

Fertilization 

1 

Growth j 

1 

Ash 

P20sin 

dry 

matter 

K 20 in 
dry 
matter 

2 

None._ _ 

Poor ®_ 

Per cent 
4.65 

Per cent 
0.18 

Per cent 
1.08 

2 

.do. 

Good spot No. 1.-.-... 

3.34 

.17 

1.00 

2 

_do._.. 

Good spot No. 2__- 

1 3.62 

.18 

1.10 

1 

Potash. 

Poor ®_ 

i 5.06 

.20 

1.87 

1 

_do_ 

Good spot No. 1...... 

' 4.07 

.17 

1.50 

1 

_do--.. 

Good spot No. 2____ 

j 3.90 

1 

.17 

1.54 







“Data are averages from duplicate samples (Table 20). 


FLAX AT KARLSTAD IN 192S 

At the end of August, 1923, a field of flax adjacent to what is now 
our Karlstad peat experimental field was examined. It had been 
fertilized in the spring with treble superphosphate, using a fertilizer 
spreader, but there were streaks here and there through the field on 
which the plants were very small. A light frost a week before had 
injured the bolls on most of the plants and the yield of grain was 
light. Samples of the small plants, as well as of the common large 
ones, were collected and analyzed. The dwarfed plants contained 
4.81 per cent of ash, 1.29 per cent of K2O, and 0.18 per cent of P2O5, 
and the large ones carried 4.84 per cent ash, 1.31 per cent K 2 O, and 
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0.56 per cent P2O5. Evidently these poor streaks were due to the 
fact that they were missed by the spreader. v i i 

Experiments made by the writers in 1924 on the later established 
adjacent experimental field showed the peat to be as phosphate 
hungry as that at Golden Valley and to show as little effect from 
potash applications. 

A BENEFICIAL EFFECT OF RYE-STRAW ASH 

In 1921 a farmer near Pelican Eapids reported that on the part 
of a field of peat soil where he had scattered and burned rye straw 
the following crop was excellent, while elsewhere it was very poor. 
Concluding that the difference in yield must have been due to the 
KoO from the straw, as he knew that comparatively little P2O5 is 
usually carried in the straw, he wanted to purchase a potash fertilizer, 
but consented to try 200 pounds per acre of acid phosphate on part 
of the rye which he had already seeded on the same field. At harvest 
time he reported that the yield on the phosphate-treated portion 
was many times as heavy as on the rest and sent representative 
samples of grain in the straw from both parts. These were threshed 
and analyzed (Table 24). If an analysis of straw samples had been 
made the year before it would probably have given similar indica¬ 
tions—that it was the P2O3 and not the K2O that was deficient, and 
that although straw carries but little P2O5, this latter had sufficed to 
cause the marked improvement—akin to the application of 50 pounds 
per acre of 16 per cent phosphate at Golden Valley in 1919. 

Table 24. —Winter rye from Pelican Rapids 


Samples 

Ash 

P 2 O 5 

K 2 O 

straw from fertilized portions_____ 

Per cent 
7.19 

7.45 

1.46 
1. 67 

Per cent 
0.29 
.16 1 
.85 ' 
,75 

Per cent 
0.39 
.78 

Straw from unfertilized portions... 

Grain from fertilized portions... 

Grain from unfertilized portions.-. 





In the same way an analysis of the resulting crop on a partially 
manured peat field may indicate which constituent in manure, if 
only one, is responsible for the crop improvement. Illustrations of 
this may be found in Tables 2 and 4. 

DISCUSSION OF ANALYTICAL DATA 

So nmch attention has been given to analytical studies by European 
investigators that the Minnesota data may most profitably be con¬ 
sidered in comparison with some of their findings.^ 

ASH CONTENT 

No consistent influence of fertilization upon the proportion of the 
ash in the crop is shown; sometimes it is increased, at other times it 
is decreased. This applies to the grains, the cereal straws, and the 
hays. In general it appears that where the fertilization is light and 


, * AH analytical data of the writers are the averages of concordant duplicate determinations. 
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limited to the deficient nutrient or nutrients the ash content is lowered 
in the hays and straw’s, but where it is limited to a nutrient that is 
not deficient in the soil the ash content is raised, and w’here heavy 
applications are made, even of a deficient nutrient, it is raised. 

PHOSPHORIC ACID IN DRY MATTER 

The quantity of phosphoric acid w’as markedly raised in the grains, 
straw^s, and hays, except where the fertilization w’as very light, and 
a great increase in growth of crop resulted, as with the 50 pounds 
per acre of acid phosphate at Golden Valley. In such cases much 
more P 2 O 5 was removed in the crop per unit area, although the 
percentage in the crop w’as not appreciably higher. The increase 
was greatest with the straw’s, from 100 to even 1,000 per cent, and 
with these the maximum was found when some unfavorable factor 
limited the growth of the crop, such as a water-logged condition of 
the soil with the spring grains at Coon Creek in 1920 (Table 15), or 
too low a water table, as with the sedge at Fens (Table 21 ). With 
the grains—^rye, oats, barley, flax, and buckwheat—the increase in 
P 2 OS content ranged from 10 to 60 per cent in general, but reached 
100 per cent with oats and barley and 90 per cent with peas at Golden 
VaUey in the very favorable season of 1918. With the hays of clover, 
timothy, brome grass, and western rye grass it ranged from 20 to 50 
per cent in general, occasionally being higher. 

Of the different plants dealt with, where the entire plant w’as 
analyzed, rape showed the greatest increase, which might be expected 
from the studies of Hall, who, as mentioned above, found the related 
rutabagas the most sensitive test plants for P2O5. 

PHOSPHORIC ACID IN THE ASH 

The P 2 O 5 in the ash varies much like the P 2 O 5 in the dry matter, 
but since the ash content does not regularly vary wdth the fertiliza¬ 
tion the P 2 O 5 of the dry matter is more significant, and there appears 
little to be gained from a determination of the amount of the ash or 
the computation of the percentage of P2O5 in it. 

EFFECT OF POTASH APPLICATIONS 

Where the addition of potash caused an increased yield the per¬ 
centage of P 2 O 5 in the dry matter was lowered, but otherwise it had 
no effect. 


VARIATION IN PHOSPHORIC-ACID CONTENT OF GRAINS 

The increase in the percentage of P 2 O 5 in the grains, as reported 
above, is very large in comparison with those found on mineral soils. 
Wagner emphasizes that the P 2 O 5 and KrO content of the grains of 
cereals shows but little variation, and Hall (8) found that the P2O5 
in the ash of barley from the Rothamsted plots showed a variation of 
less than a fifth, and that with the wheat from the Broadbalk field 
the greatest difference was less than 6 per cent. With both cereals 
he found that one extreme was shown on a plot receiving nitrogen 
only and the other on one given phosphate and potash as well as 
nitrogen. The P 2 OS in the ash from the barley on the burned peat 
at Golden Valley in 1918 was 100 per cent higher than in that from 
the untreated peat, and with the spring rye it was 40 per cent higher. 
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Miinter, in a study of the wheat crop of successive years at Lauch- 
stadt (15) found still less effect from fertilization than was reported 
by Hall for the Rothainsted plots. 

However, in grain grown on peat, such differences are not to be 
regarded as unusual. Carl von Feilitzen reported three early experi¬ 
ments with oats p, 96-97j 217) in which, on the plots receiving 
no phosphate, the percentages of P 2 OS in the dry matter of the grain 
were 0.59, 0.37, and 0.37, whereas on the corresponding plots given 
600 to 800 kgni. of basic slag per hectare the percentages were, re¬ 
spectively, 0 . 79 , 0.78, and 0.63. A report by H. von Feilitzen {6) 
of the analyses of over 800 samples of different crops grown on peat 
shows what great variations may be expected. 

VARIATION IN PHOSPHORIC-ACID CONTENT OF CEREAL STRAW 

The effect of fertilization upon the P 2 O 5 content of the straw was 
much greater even than upon that of the grains, but that this is not 
to be regarded as unusual may again be illustrated from the Eotham- 
sted data, reported by Hall (§), taking the wheat from the same two 
plots referred to above. The percentages of P 2 O 5 in the ash from 
the straw of these were 2.50 and 3.73 in 1852, 1.73 and 2.78 in 1863, 
and 2.12 and 3.82 for the crops of the 10-year period 1882-1891. 
Miinter, at Lauchstadt, however, found but little effect upon the 
straw of wheat {15). 

The great effect of fertilization upon the P2O5 content of the buck¬ 
wheat straw at Coon Creek (Table 14) is not approached by any 
previously published data found by the writers, except in the case of 
pot experiments, where, on the one hand, an abnormal hunger may be 
induced by entirely withholding one of the nutrients, and, on the other 
hand, it may be appeased by applying this nutrient in excessive 
quantities. 

EXTREME VARIATIONS OBTAINABLE IN POT EXPERIMENTS 

In the field we should expect to find but seldom the differences that 
may readily be induced in pot experiments. An excellent illustra¬ 
tion of the extreme effect of differences in fertilization that may be 
obtained in pot experiments is furnished by a recent study by Pfeiffer 
et al. (75, p. S, 12, 17), in which oats was used as the test crop and 
harvested when the grain was in the early milk. Some of their 
data have been assembled in Table 25. They used a sand practically 
devoid of available nutrients, 16 kgm. to the pot, and in each series 
of experiments supplied Hberal quantities of all the nutrients except 
the one whose influence was being studied, the nitrogen, potassium, 
and phosphorus being supplied in the form of ammonium nitrate, 
potassium sulphate, and acid calcium phosphate. The results of 
these investigations accord with the field data obtained in the Min¬ 
nesota experiments. With extreme hunger of a nutrient the first 
or lightest applications cause a great increase in the yield, but very 
little effect upon the percentage of this nutrient in the crop. With 
increasing quantities the yields increase less markedly and the 
nutrient content more rapidly. Finally, when the applications have 
become so heavy that the yield is almost at its maximum, the propor¬ 
tion of the nutrient rises rapidly. This is most marked in the case 
of the P 2 O 5 and least with the nitrogen. 
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Table 25. —Variations in co7nposition of oats caused hy differences in fertilization, 
as found in pot experiments hy Pfeiffer, Simmerfuacher, and Rippel (19) 


Experi- 

Phosphoric-acid variable 

Potash variable 

Nitrogen variable 

ment 

No. 

Added 

Crop 

P 2 O 5 

Added 

Crop 

K 2 O 

Added N 

Crop 

N in 


P 2 O 5 

yield 

in crop 

K 2 O 

yield 

in crop 

yield 

crop 


Grams 

Grams 

Per cent 

Grams 

Grams 

Per cent 

Grams 

Grams 

Per cent 

1. 

0.00 

14 

0.12 

0.0 

4 

0.55 

0.00 

7 

0.61 

2_. 

.05 

36 

.11 

.1 

23 

.68 

.2 

33 

.51 

3_. 

.10 

61 

.13 

.2 

29 

. 77 

.4 

56 

.56 

4_.. 

.20 

117 

.14 

.4 

66 

.61 

.6 

90 

.52 

5. 

.30 

150 

.15 

.6 

92 

.66 

.8 

110 

.59 

6_. 

.45 

169 

.19 

.9 

ia3 

.77 

1.8 

181 

.87 

7 

.60 

189 

.23 

1.2 

122 

.85 

2.1 

189 

.91 

8. 

.80 

199 

.29 

1.5 

115 

1.12 

2.4 

197 

1.00 

9. 

1.20 

203 

.36 

20 

143 

1.25 

2.7 

200 

1.04 

10-_. 

2.00 

216 

,55 

3.0 

144 

1. 76 

3.0 

209 

1.15 

11.! 

i 

3. 50 

215 i 

.80 

4.5 

132 

2.74 

4.0 

226 

1 

1.38 


Variations in the P 2 O 5 content of the crops on the Minnesota 
experimental peat fields have been almost as extreme as those found 
by Pfeiffer (19) in his pot experiments. 

PHOSPHORIC-ACID CONTENT OF HAY CROPS 

On peat probably the most interest attaches to the composition 
of the hay crops. According to Wagner^s rules, which place at 
0.65 the P 2 O 5 content of hay crops from land so well supplied with 
available phosphate that further applications would not increase the 
yields, the analyses would suggest that the peat at Golden Valley— 
in the untreated condition so poor in available phosphate that it 
gave hay with less than 0.25 per cent phosphoric acid, and even when 
treated with phosphate less than 0.40 per cent—might well have been 
given a much heavier initial application of phosphate, as is the custom 
in continental Europe. At Coon Creek, where the phosphate hunger 
is far less pronounced, the P 2 O 5 content of the hay is higher on both 
the fertilized and unfertilized peat, but even on the former it is still 
somewhat below 0.65 per cent. 

Tacke, from a study of the composition of the ash of hay from many 
German bogs and marshes concluded that Wagner’s values were 
satisfactory for meadows on peat soils, Tacke having found as the 
averaps for all the analyzed samples of hay from the Bremen peat 
experimental station 0.67 per cent P 2 O 5 and 2.04 per cent K 2 O 
(24} V' The averages for 40 samples of hay from meadows on 

peat soils fertilized with potash and phosphate were 0.70 per cent of 
P 2 O 5 and 2.49 per cent of K 2 O, on the basis of 16 per cent of water 
in the hay (I 4 , P* 50). 

H. von Feilitzen (5, p. 265) disagreed with Tacke, reporting 
analyses from a large number of Swedish meadows on both high 
moors and low moors, in none of which the P2O5 was found to be as 
high as 0.65 per cent. The averages of all the analyses of hay made 
at Jonkoping up to 1909 showed 0.40 per cent for P 2 O 5 and 1.67 per 
cent for K 2 O for the high moors (low-lime peats) and 0.35 per cent 
P2O5 and 1.43 per cent K2O for the low moors (nearly all of the high- 
lime type). The yields on the meadows, he believed, would not 
have been increased by heavier fertilization with phosphate and potash; 
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and the saturation values, he concludes, are lower on the Swedish 
than on the German bogs. 

Tacke does not accept this conclusion as proven, although he 
points out that the average P 2 O 5 content of the hay from German 
unfertilized meadows on peat soils is higher than that of the Swedish 
meadows fertilized with both phosphate and potash P- SIS), 
In the same article he calls attention to the great variation in phos¬ 
phate and potash shown by different hay plants grown under exactly 
the same conditions, the P 2 O 5 ranging from 0.88 to 1.42 per cent and 
the K 2 O from 1.16 to 2.39 per cent, and to the influence of the weather 
of the crop season, both these constituents averaging lower in dry 
than in wet seasons, as in the latter the absorption of mineral matter 
can proceed ininterruptedly { 24 , P- 16). 

H. von Feilitzen reports the P 2 O 5 content of three hay grasses taken 
from a meadow fertilized heavily enough with basic slag and kainite 
to give maximum yields. In the timothy he found 0.35 per cent 
P 2 OS, in the reed canary grass {PTialaris arundinacea) 0.40 per cent, 
and in meadow foxtail {Alojpecurus pratensis) only 0.23 per cent 
(5, p, S4l-S44)^ 


MEADOW STUDIES OF MAYR AND AHR 

The most critical experimental study of the applicability of 
Wagner's conclusions is probably that reported by Mayr and Ahr 
{IS), w^ho in their investigations employed six meadows—two on 
peat, two on peaty soils (with a coating of only a few inches of peat 
before plowing), and two on mineral soils. In 1910, before laying 
out the meadows in plots for the fertilizer experiments, samples of 
both hay (1) and aftermath (2) were taken from each of the six, and 
in each of the five consecutive years 1912, 1913, 1914, 1915, and 1916 
samples of both hay and aftermath were analyzed. For the crops 
of each of the first four of these years there were annual applications 
of fertilizers—78 kgms. of P 2 O 6 and 100 kgms. of K 2 O per hectare— 
but for the last year no application was made and only the residues 
of the preceding years came into play. The crops of 1910 showed 
an extreme range in both constitutents, the P 2 O 5 varying between 
0.44 and 0.92 per cent and the K 2 O between 1.09 and 4.20 per cent. 
The highest values were shown by a very productive meadow 
(Pfaffanger) on mineral soil, the first cutting from which in 1910 
carried 0.86 per cent P 2 O 5 and 3.90 per cent K 2 O; the lowest values 
were found in a very unproductive meadow (Waschanger) on peat, 
with only 0.48 per cent P 2 O 5 and 1.13 per cent K 2 O. From Wagner's 
conclusions no increase from fertilization was to have been expected 
in the case of the former, but certainly a marked response to potash, 
and very probably to phosphate also, in the case of the Waschanger 
meadow. However, the subsequent experiments did not fully con¬ 
firm these forecasts. In the case of the productive meadow in each 
of the five seasons the applications of pota^ with phosphate increased 
the yield from 3 to 11 per cent, with an average of 7, while for the 
five seasons (1912-1916) pn the unproductive meadow the average 
yield was increased only 18 per cent by potash alone, 5 per cent by 
phosphate alone, and 36 per cent by the two together. The content 
of P 2 O 5 and K 2 O of the hay from the former was quite inferior to that 
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of 1910, the averages for all the cuttings obtained in the five seasons 
being 0.65 and 1,84 per cent on the former and on the latter 0.39 and 
1.36, 



Pfaffanger meadow 

W aschanger meadow 


i 

! Per cent; 
j of P 2 O 5 

Per cent 
ofK20 

Per cent ] Per cent 
of P 2 O 5 1 of K 2 O 

First cutting in 1910....... 

Average for all cuttings, 1912-1916.... 

i 

1 0.86 

i .65 

i 

3.90 
1. S4 

i 

0.48 1 1.13 

.39 i 1.36 

1 


The variations in P 2 O 5 and K 2 O from crop to crop on the 
Waschanger field (Table 26) well illustrate the fluctuations on all 
.six meadows. When data from the same cutting in any season are 
compared it is seen that the application of phosphate has in every 
case markedly increased the P 2 O 5 content of the crop and the appli¬ 
cation of potash has increased the K 2 O content. From crop to crop, 
however, there is a marked variation in the percentage, as though it 
had been affected by the weather of the season. Thus the P 2 O 5 
was exceptionally high in the aftermath on all plots in 1914 and 
exceptionally low in the aftermath of the following year. In 1914 
it was higher on the plots given no phosphate than in 1915 on those 
that had received phosphate. There were less extreme fluctuations 
from season to season in the potash content. In the case of the plots 
receiving potash fertilizer there was a lower percentage of K 2 O in 
the second crop than in the first, except in 1914. There was no 
such relationship in the P 2 O 6 content of the crops from the plots 
receiving phosphate. 


Table 26 ,—Phosphoric acid and potash in hay, two cuttings {1 and 2) in each 
season, on experimental field at Waschanger in Austria, from report of Mayr and 
Ahr (13) 


Treatment 

1910 

1912 

1913 

1914 

1915 

1916 

Average, 1912- 
1916 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Both 

Phosphoric acid in dry 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

hay: 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent' 

cent 

With phosphate.,. 



0.49 

0.55 

0.62 

0.69 

0.65 

0.79 

0.51 

0.28 

0.63 

0.66 

0.58 

0.59 

0.68 

Without fertilizer.. 

0.48 

.44 

.31 

.35 

.45 

,46 

.41 

.49 

.30 

.27 

.39 

.44 

.37 

.40 

.39 

With potash. 



.44 

.44 

.45 

.42 

.36 

.53 

.35 

.26 

.37 

.44 

.39 

.42 

.41 

With phosphate 
















and potash. 



.49 

.56 

.61 

.73 

.60 

.74 

.49 

.33 

.56 

.62 

.55 

.60 

.57 

Potash in dry hay: 
















With phosphate_ 



1.45 

L23 

1.43 

1.34 

1.34i 

1.56 

1.38! 

' 1.28 

1.29 

1.21 

1 . 35 ! 

1,35 

1.35 

Without fertilizer.. 

‘L'is 

1.09 

1.52 

1.24 

1.30 

1.27 

1.42! 

1.66 

1.12 

1.38 

1.39 

1. IS 

1.38 

1.35 

1.36 

With potash... 



2.02 

1.58 

1.86 

1.75 

2.06j 

2.13 

2.47 

2.16 

1.92 

, 1. 64; 

2.06 

1.85 

1.96 

With phosphate 



1 

1 



1 

1 




.J 





and potash. 



1.96 

1.55 

1.77 

1.59 

2.00 

2.00 

2.30, 2.10 

1.68 

1.44 

1.94 

1.74 

1.84 

1 


Mayr and Ahr (13) regard the soundness of Wagner’s conclusions 
as generally confirmed by their work, and consider the method of 
ash analysis worthy of a regular place in the practical control of the 
fertilization of meadows and pastures. However, they insist that 
the chemical composition of the crop must be regularly supple- 
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mented by the determination of the botanical composition, at le&st 
as to the proportions by weight of clovers and other legumes and also 
of weeds. The legumes are generally richer in P 2 O 5 and poorer in 
K 2 O than the grasses. Mayr and Ahr consider the method less 
valuable in the case of phosphoric acid than in that of potash, con¬ 
cluding that “at the present time, for deciding upon the urgency of 
potash fertilization of meadows and the degree of this, there is no 
better method than the chemical and botanical investigation of a 
properly taken sample from the first and second cutting, determin¬ 
ing the proportion by weight and the potash content of the main 
groups of plants.'^ Both diagnosis and prognosis are made more 
reliable by the analyses of samples from both the first cutting and 
the aftermath. Instead of taking the samples for analysis from the 
cured hay after the crop is gathered, 4 to 5 kgm. of green material 
should be carefully collected at the time of mowing and at once dried 
artificially without being exposed to the possibility of loss. 

RELATION OF PHOSPHORIC-ACID CONTENT OF CROPS TO 
ANIMAL NUTRITION 

The palatability and nutritive value of tame hay from peat lands 
has from time to time been suspected, and nutrition deficiencies have 
been attributed to its use. The situation up to 1912 has been 
well reviewed by both Bersch (4? P* 281-283) and Fleischer (7, p. 
59-61) j who deal with the “liclang disease (Lecksucht) of cattle, 
which had been observed in many scattered districts when the hay 
from peat meadows was fed to calves. In some cases it was so 
serious that it might prevent the raising of calves. The disease mani¬ 
fests itself chiefly in a marked tendency to gnaw and lick various 
indigestible objects—mortar, stones, wood, twine, pieces of cloth, 
hair, animal excrement. The German Central Moor Commission, 
which early devoted much attention to this problem, had Ostertag 
(18) make a careful study of it. Although Ostertag did not find the 
cause, he concluded that the disease-producing hay was harmless 
with horses; by steaming, the injuriousness could be so far removed 
that calves could be fed with it for a long time without developing 
symptoms of the disease, and by curing it so as to get “brown*’ 
hay ^ all harmful qualities would disappear. If the first cutting on 
such meadows was removed very early—before the blooming of the 
grasses—^it was harmless and very-palatable, but the aftermath could 
not be made harmless in this manner. Fertilization with sodium 
nitrate lessened the injuriousness of the hay. The same meadows 
when pastured caused no ill effects, and when cattle affected by the 
hay were pastured on the same meadows from which the hay had 
been obtained they recovered unless the disease was already too far 
advanced. Giving of medicines and concentrates without pasturing 
was not effective; neither was the giving of sodium salts and lime. 
Bersch (4) states that Baumann and Soxhlet found the disease- 
producing hay poorer in an organic phosphorous-containing com¬ 
pound, though not in the P 2 O 5 content of the ash. 

After reviewing the evidence Bersch concluded that the hay from 
tame meadows on peat soil in general is just as palatable and nutri- 


k 


* A detailed description of the making of brown hay is to be found in Die Kultur der Wiesen, by W. 
Strecker (0, p. 
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tious as that from meadows on mineral soils and that no difference 
at all exists which under all circumstances would cause the peat- 
meadow hay to have a lower value. 

Farmers in the vicinity of Golden Valley in 1919 mentioned an 
abnormal appetite shown by their cattle, similar to that in Bersch's 
{Jf) description, which they observed especially during the late winter 
and spring. Since these animals were fed during the winter largely 
upon the hay from the unbroken^eat lands, and this consisted chiefly 
of sedges, samples of which from the Golden Valley fields had been 
found very low in phosphoric acid—0.26 per cent in the spring of 
1921—it was suggested to the farmers who were buying treble super¬ 
phosphate that they add some of this to the feeds. Many did so, 
and reported favorable results. 

McClendon (11) in 1920 having mentioned that, according to Voegt- 
lin and Myers, both antineuritic and fat-soluble vitamihes of wheat 
and corn products run parallel to the phosphorus content, it was 
suggested that he try a feeding experiment with the grains from 
Golden Valley whose analyses have been given above (Tables 3 , 6 , 
and 7), but of which the quantities were very small. McClendon 
and Henry (12) fed some of the oats and barley to rats for 65 days 
and found that the rats given the grain richer in P 2 O 5 made the more 
rapid growth. Two lots of each cereal were used, the oats being 
from the unfertilized peat, with 0.52 per cent P2O5, and the adjacent 
mineral soil, with 1.10 per cent P2O5, while the barley was from the 
untreated peat, with 0.50 per cent P 2 OS, and from the’burned peat, 
with 1.06 per cent P2O5. The very limited quantities of the grains 
that had. been saved prevented any more extensive experiment at 
that time. 

The great interest that has arisen in the last few years in the use 
of mineral supplements in livestock feeding, the extensive and rapid 
development of clover-timothy meadows on peat land in Minnesota 
and the frequently expressed suspicion as to the feeding quality of 
the well-cured clover and timothy-clover hay grown upon the well- 
fertilized peat meadows have redirected the attention of the present 
writers to this subject. If the delired minimum percentage of 
P 2 O 5 in the cured hay, from the standpoint of the animal feeder, 
should be established at a value much above the Swedish average of 
0.40 per cent, the writers^ recommendation as to phosphate fertiliza¬ 
tion of peat meadows will need \nodification. These were based 
upon what their experiments showed to be the most econonaical appli¬ 
cations for the production of hay—rates that will give a little below 
the maximum obtainable yields—the final increases in the field, as 
in Pfeiffer’s (19) pot experiments described above, being brought 
about only by very heavy applications (Table 25). 

In the case of a large tract of sedge-covered peat near Coon Creek, 
broken, fertilized, and seeded in the spring and early summer of 
1925, fifty -i^-acre plots were seeded with a mixture of alsike red 
clover, and timothy in May, and in early June fertilized with treble 
superphosphate and muriate of potash in varying amounts. The 
hay was cut on September 18. The application of 100 pounds of the 
phosphate and 200 pounds of the potash (44 pounds of PaOs and 99 
pounds of K 2 O) per acre gave almost as high a yield 2.2 tons mr 
acre—as an application in the same proportions but at double tne 

13707—26 - ^3 
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rate. Hence the lighter application would be distinctly more profita¬ 
ble to the owners of the meadow, who keep no stock but sell the hay. 
The unfertilized plots yielded 1.1 tons per acre with 0.31 per cent 
P 2 O 5 and 1.35 per cent K 2 O. The crop from the lighter fertilization 
contained 0.38 per cent P 2 O 5 and 1.69 per cent K 2 O while that from 
the heavier application carried 0.54 per cent P 2 OS and 3.19 per cent 
K 2 O. 

The 2.20 tons of hay from 1 acre in the case of the more heavily 
fertilized peat carried 7.04 pounds more P 2 O 5 than the more lightly 
fertilized, but to obtain this increase 44 pounds additional P 2 OS was 
applied in the fertilizer. If it should prove that additional P 2 OS in 
the feed is desirable and a pound of P 2 O 5 given in the form of bone 
meal or some other carrier of calcium phosphate should prove as 
effective as an equal amount in the hay, it would be much more 
economical to so supply it rather than to add many times as much to 
the soil. If some feed richer in P 2 O 5 than hay were included in the 
ration, this would affect the case. 

The very favorable views on the feeding value of hay from peat 
meadows expressed by Bersch may be based largely on observations 
on the use of hay from meadows given very heavy initial applications 
of phosphate, such as he recommends {1, p. 43; 4i P- 133)^ 110 to 270 
pounds per acre of P 2 O 5 in the first year and 55 to 160 in the second, 
making 165 to 435 pounds in the first two seasons, equivalent to 
1,030 to 2,720 pounds of 16 per cent acid phosphate. The writers, 
on the other hand, find about 300 pounds in the first year and 150 in 
the second to be generally the most profitable. The possibility of 
the ^Ticking disease” being connected with a low P 2 O 6 content of 
the hay has not been overlooked in Germany and Austria. 

If it should be found desirable to use a heavy initial application of 
phosphate in order to increase the P 2 O 6 content of the crops, the 
increased expense occasioned by this would usually not be prohibitive 
where the owner did not intend to soon sell his improved peat land, 
as there is no leaching out of the applied P 2 O 5 in the case of the high- 
lime peat soils. 

HAY FROM PHOSPHATE-HUNGRY MINERAL SOILS 


Phosphate hunger in Minnesota, although found in its most ex¬ 
treme development in some of the peat soils, is by no means confined 
to these, being very common in about a third of the State—on the 
dark prairie soils of the western and southwestern counties. West 
of a line drawn northwestward from Albert Lea, near the Iowa 
boundary, to Roseau, near the Canadian border, it would appear 
from the field experiments of the Division of Soils that on at least 
one-thi|*d of the fields acid phosphate, either in the form of the 
ordinary 16 or 20 per cent product or of the concentrated 44 per 
cent material known as treble superphosphate, can be used with 
profit on alfalfa and the clovers, the crops most responsive to phos¬ 
phate fertiliprs. Wheat and barley show less response, and oats 
and corn still less. The phosphate hunger is not limited to any 
particular soil types, although, on the whole, the naturally poorly 
drained lands show the most marked response. It appears on the 
fields of the most intelligently managed livestock farms, as well as 
on the unmanured fields of the tenant farms. The use of a short 
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rotation, including clover, the feeding on the farm of all the crops 
grown on it, and the prompt return of the manure to the fields, with 
the sale of chiefly young beef animals, seems rather to hasten than to 
delay the appearance of phosphate deficiency iii the soil. 

With P. R. McMiller the senior author tried applications of 100 
pounds per acre of treble superphosphate on about 30 fields of red 
clover and alfalfa in Jackson County in 1923 and 1924. Somewhat 
more than 60 per cent of these showed a marked response to the fer¬ 
tilizer. To determine whether the analysis of the crops might indi¬ 
cate a P 2 O 5 deficiency in the soils, analyses were made of samples of 
hay from 10 of the fields, including those that had shown the greatest 
response (fig. 8 ). In each field the hay was carefully gathered from 
4 representative square yards on the fertilized plot and from a sim¬ 
ilar number on the adjacent unfertilized portion of the field. The 
samples were dried, weighed, and later analyzed (Table 27). The 
P2O5 content of the hay from the unfertilized land ranged from 0.38 
to 0.57 per cent, with an average of 0.49 per cent. That in the hay 
from the fertilized plots ranged from 0.52 to 0.89 per cent, with an 
average of 0.74 per cent. Neither the quantity of P 2 O 5 in the hay 
from the unfertilized land nor the inci*ease caused by fertilization is 
distinctly related to the degree of phosphate hunger as indicated by 

the increase in yield. _ • i j 4 ? 

Crop analysis does not appear promising as a practicai nietnod ot 
detecting the phosphate-hungiy^ fields on these prairie soils and is 
not to be compared in desirability with the use of small-plot trials, 
which may be satisfactorily carried out by any intelligent and mter- 
ested farmer. A dollar’s worth of phosphate is sufficient for twenty 
•A-acre plots—usually enough for a whole farm. 

The P2O5 content of these Jackson County hays, even from the un¬ 
fertilized land, is high compared with that in clover and timothy hay 
from the peat experimental fields. The analyses of some samples 
from Golden Valley and Coon Creek, collected by G. H. Nesom m 
1922 and 1923, are reported in Tables 28 and 29. , ^ 

At Golden Valley in 1922 the hay from the plots receivmg phos¬ 
phate contained less than 0.40 per cent P 2 O 5 . The yield was so 
greatly increased by the phosphate, however, that from eight to twelve 
times as much PsOg per unit area was removed m the crop. 1923, 
with the lighter yields, the P 2 O 5 content was higher m the hay from 

both unfertilized and fertilized plots. ^ ^ 

At Coon Creek in 1922 the timothy from the plots receivmg phos¬ 
phate and potash contained but little more PA unfer¬ 

tilized mineral soil in Jackson County (No. 7 m Table ). 
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Fig. 8.—Hay samples from mineral soil in Jackson County in 1923. Each bundle Is from 4 
square yards, the right in each of the 10 pictures being from unfertilized land, and therefore 
smaller, and the left from the phosphate-treated plot. The analyses are reported in Table 27 
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Table 27.—Phosphoric-acU content of hay samples from clover-timothy fields on 
mineral soil in Jackson County {first cutting in 1923) 


Field 

Pro- 

Rela¬ 
tive 
yield 
w'ith 
phos¬ 
phate » 

P 2 O 5 in dry matter 


Ash 


P 2 OS in ash 

No. 

Owner 

por¬ 

tion 

of 

clover 

in 

hay 

With 

no 

fertil¬ 

izer 

With 

phos¬ 

phate 

Rela¬ 

tive 

amount 

with 

phos¬ 

phate 

With 

no 

fertil¬ 

izer 

With 

phos¬ 

phate 

Rela- 

tivfi 

amount 
with 
phos¬ 
phate 6 

With 

no 

fertil¬ 

izer 

"With 

phos¬ 

phate 

Rela¬ 

tive 

amount 
with 
phos¬ 
phate h 

1. 

J. C... 

P. Cl. 

P. ci. 

P. ct. 

P.cr. 

P. Cl. 

P. Cl. 

P.ct. 

P. n. 

P. ct. 

P. ct. 

P. Ct. 

80 

250 

0.55 

0.75 

136 

56 

10.60 

124 

6.46 

1. 08 

109 

2. 

C. T.. 

80 

200 

.56 

.77 

137 

'10.38 

12.39 

119 

5.39 

6.21 

115 

3. 

E. M _ 

90 

200 

.48 

.67 

139 

' 8.95 ; 

10.30 

115 

5.36 

6.50 

121 

4. 

A. G.. 

100 

200 

.49 

.78 

159 

9.43 

11,29 

119 

5.20 

6.91 

133 

5. 

A. S... 

90 

200 

.49 

.80 1 

163 

10.46 

11.73 

112 

4.68 

6.82 

145 

6. 

W. S-. 

no 

200 

.51 

.89 

174 

9.42 

10.49 

111 

5.41 

8.98 

156 

7.. 

G.O.. 

100 

150 

.57 

.84 

147 

11.12 

10.20 

91 

5.13 

8.23 

160 

8. 

C. 

0 

150 

.38 

.52 

137 

7.09 

8.52 

120 

6.13 

7.19 

117 

9. 

S. Ila. 

100 

125 

.49 

.78 

159 

12.91 

13.42 

104 

5.19 

6.63 

127 

10. 

S’. .Ho. 

60 

no 

.42 

.65 

155 

9.42 

9.43 

100 

4.46 

6.89 

154 

Average. 


81 

178 

;49 1 

.74 

150 

9.77 

10.83 

111 

5.34 

7.14 

133 


® Yield on unfertilized plot is placed at 100. 
h Per cent in sample from unfertilized plot is placed at 100. 


Table 28. — Phosphoric-acid content of red-clover hay on Golden Valley peat experi¬ 
mental fields in 1922 and 1923 


Fertilization 

Plot 

P 2 O 5 in dry matter 

1 

Ash in dry matter ! 

1 

Yield of hay per acre 









1922 

1923 

1922 

1923 

1922 

1923 



Per cent 

Per cent 

Per cent 

Per cent 

Tons 

Tons 

None. 

C-XI 

0.26 

0.36 

9,41 

8.09 

0.43 

0.16 

Potash. 

B-XI 

.25 

.36 

9.88 

9.92 

.46 

.04 

Phosphate. 

C-XIl “ 

.38 

.56 

6.92 

7.43 

3.94 

.85 

Phosphate and potash. 

B-XII 6 

.29 

.51 

9.08 

7.63 

3.75 

1.09 

Heavily burned in 1918 __ 

C~VIII 










i 





^ Data for 1923 from plot B-XII. ^ Data for 1923 from plot B-XIV, 


Table 29. — Phosphoric-acid content of timothy hay on Coon Creek experimental 

fields in 1922 


Fertilization 

Plot 

P206in 

dry 

matter 

Ash in 
dry 
matter 

i Yield of 
hay 

per acre 


B-III-I 

C-III-I 

Percent 
0.23 
.23 
.23 ! 
.24 
.21 
.22 
.42 
.41 
.41 

Percent 

3.79 

3.83 

3,81 

4.51 

4.36 

4.43 

5.13 

4.33 

4.73 

Tom 

0.67 

.85 

.76 

2.42 

1.33 

1.88 

3.90 

3.54 

3.72 

t>o .-. 

Average _-_ 

Pnt.fl,sh __ _ _ ____ 

B-n-4 

C-II-4 

Do . 

Average _ _-_-_ 

Phosphate and potash. _-_ 

B-II-5 

C-Ii-5 

Do__ _ 

Average _ _ _-___ 


___ 


A 
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SUMMARY 

With grain, straw, and hay from unfertilized and adjacent ferti¬ 
lized plots determinations were made of the ash and P 2 O 5 content, 
and in some cases of the K 2 O also. 

The ash content of the crop was in some cases increased but in 
other cases decreased by fertilization. In general, with the cereal 
straws and the hays, where the fertilization was limited to the deficient 
nutrient or nutrients, the ash content was lowered when the rate of 
application was low, but raised when it was high, and where the 
fertilization was limited to a nutrient that was not deficient the ash 
content was raised. 

The P 2 O 5 content of the hays, straws, and even grains grown on 
phosphate-hungry peats was low, this being most marked on the straws 
and least in the grains. It was greatly increased by phosphate fertili¬ 
zation, most in the straws and least in the grains, except where the 
application was very light and a greatly increased yield resulted. It 
was greatest where some unfavorable factor, other than the supply of 
nutrients, caused a low yield. With the straws the increase in some 
cases amounted to several hundred per cent, with the hays from 20 to 
50 per cent, and even higher, and with the grains usually between 
10 and 60 per cent. The P 2 O 5 content of a hay crop grown on a plot 
receiving the same fertilization each year is so affected by weather 
conditions that in one season it may be as high on ah unfertilized 
plot as in the next on an adjacent phosphate-treated plot. The 
P2O5 determination has most significance when comparisons are made 
between fields or plots of a crop in the same locality and in the same 
season and with hay *crops of the same cutting. In the case of hay 
crops it is important that the analyses be made of the separated 
important components instead of the mixed samples containing 
unknown proportions of different plants. 

The percentage of P 2 O 5 in the ash varies much like that in the dry 
matter, but as the ash does not vary regularly with the fertilization 
the proportion of P 2 OS in the dry matter is more significant than is 
that in the ash, and there appears little to be gained from the compu¬ 
tation of the percentage of P 2 O 5 in the ash. 

Potash applications affect the P 2 O 5 content of the crop as they 
affect the yields. When potash increases the yield it lowers the 
percentage of P 2 O 5 in the crop. In some cases an application of a 
mixture of potash and phosphate will greatly increase the yield of 
grain without raising the proportion of P2O5. Where a potash appli¬ 
cation does not increase the yield it increases the percentage of ash, 
and hence lowers the proportion of P2O5. 

The extreme variations in P 2 O 5 content found, although much 
greater than those reported for crops grown on mineral soils, are 
not wider than those found for crops on peat lands in Sweden, Ger¬ 
many, and Austria, nor wider than those found in pot experiments. 

The analysis of the crops is very useful in detecting mistakes in 
the application of fertilizers—either the substitution of one nutrient 
for another or the omission of one from an intended mixture. It also 
will frequently serve to explain the cause of productive spots and 
areas on unfertilized fields or plots of a peat that is elsewhere un¬ 
productive. 
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Definite limiting values for the PjOj content of a crop, both an 
upper one, indicating that the phosphate supply in the soil is adequate 
for approximately maximum yields, and a lower one, indicating that 
heavier phosphate fertilization is practically certain to cause a great 
increase in yield, are difficult to place, at least for peat soils, since 
values that would apply for seasons or localities with favorable 
weather conditions, and consequent heavy yields, are likely to be so 
high as to require unjirofitably heavy fertilization. 

If animal nutrition investigations of hays from peat lands should 
lead to the conclusion that a certain minimum content of PjOj in 
the hay is desirable from the standpoint of the feeder, it can be se¬ 
cured by a heavy initial phosphate application, but with a decreased 
profit for those peat-meadow owners who produce hay for sale. 
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THE PREPARATION AND EFFECTIVENESS OF BASIC 
COPPER SULPHATES FOR FUNGICIDAL PURPOSES ^ 

Professor of Chemistry, and C. 0. Dunbar and 

Lr. M. UILUGAN, Inveshgators in Chemistry, Massachusetts Agficultural Expert- 

VYhGiVt ^Zdv%0*Th 

INTRODUCTION 

Th6 practicG of treating certain plants with copper fungicides has 
created a demand for a ready-made product to be used in place of 
Bordeaux mixture, since the latter is unstable and somewhat difficult 
to prepare. Numerous preparations, both wet and dry, have been 
offered as substitutes. Most of these have proved rather unsatis¬ 
factory. This led the writers to undertake further study of the 
subject with a view to producing a powder of good physical properties 
that might be applied either as a spray or as a dust. Since basic 
copper sulphates have generally been found preferable to basic 
carbonates, attention was turned largely to these. 

EARLIER INVESTIGATIONS 

Basic copper sulphates are insoluble copper compounds resulting 
from the action of alkali or alkaline earth hydroxides or carbonates, 
short of saturation, upon copper sulphate, although other precipitants 
are occasionally employed. Pickering (^0, ?>. 1982f has shown that 
different hydroxides react in substantially the same way, but that 
the color of the basic sulphate varies with the kind and quantity of 
alkali used and with the degree of hydration through different shades 
of green and blue. Some writers (S, p. 861) question, however, 
whether the precipitates are definite compounds or mixtures—i. e., 
solid solutions—but the following appear sufficiently established to 
warrant consideration: Dibasic sulphate, 3 CuO.SO 3 .nH 2 O; tribasic 
sulphate, 4 CuO.SO 3 .nH 2 O; tetrabasic sulphate, 5 CuO.SOs.nH 2 O; 
nonobasic sulphate, lOCuO.SO 3 .nH 2 O; and pentabasic disulphate, 
7Cu0,2S03mH20. 

The dibasic sulphate is a green or greenish-blue precipitate obtained 
by boiling a neutral solution of copper sulphate (^, p. 181; 18^ p. 1855); 
by adding ammonia insufficient for complete precipitation (1; 18; 

15j p, 805); by adding insufficient ammonia to a boiling solution 
{15, p. 805) or by adding insufficient alkali carbonate to a boiling 
solution of copper sulphate {15, p. 806) with careful washing and 
drying. The degrees of hydration reported are 1, 2, 2y%, and 

3 mols. 

The tribasic sulphate is a green, greenish-blue, or blue precipitate 
obtained by adding fixed alkalies, sufficient for complete precipita¬ 
tion (0.75 moL), to a solution of copper sulphate {16; 10, p. 1988; 
18, p, 1855); by adding alkaline earth hydroxides to complete pre¬ 
cipitation {10, p. 1988); by adding insufficient fixed alkalies {IS, 

1 Received for publication Aug. 7, 1926; issued October, 1926. Contribution from the department of * 
chemistry, Massachusetts Agricultural Experiment Station. Printed with the permission of the director 

of the station. _ 

2 Reference is made by number (italic) to "‘Literature cited, p. 750. 
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p. SJ}.; 5); by adding insufficient ammonia {19)] by adding insufficient 
sodium carbonate {16)i by adding sodium acetate to copper sulphate 
{9, p. 182); by adding sodium silicate to copper sulphate {17) or 
by adding copper sulphate to sodium acetate {4, 24"87; 7, p. 212). 

The hydrations reported are 2, 3, 33^, and 4 mols. The minerals 
brochantite and langite are of rhombic structure and are said to bo 
tribasic copper sulphate with 3 and 4 mols. of water respectiyely. 

Tetrabasic sulphate is a greenish-blue or blue precipitate obtained 
by adding alkali or alkaline earth hydroxides, sufficient for initial 
alkalinity (0,8 moL), to copper sulphate {16; 10, p. 1982; 12, p. 1855). 
The hydration reported is 6 mols. With any additional alkali the 
mixture commences to yield cupric oxide on boiling; and with dex¬ 
trose, cuprous oxide {12, p. 1852, 1855). 

Nonobasic sulphate is generally a full blue, bulky precipitate 
obtained by adding alkali or alkaline earth hydroxides, sufficient for 
permanent alkalinity (0,9 mol.), to copper sulphate {10, p. 1982). 
Nonobasic sulphate is unstable, turns black on heating, with the 
formation of cupric oxide, and with dextrose precipitates cuprous 
oxide in the cold {12, p. 1852, 1855). 

Succeeding the nonobasic sulphate is a double sulphate, 10 CuO.- 
SOa.SCaO, a blue, bulky precipitate obtained by adding copper sul¬ 
phate to a like weight of calcium oxide as hydroxide {11, p. 1991, 
1997, 2000). Whether other alkaline earth hydroxides react in a 
similar manner has not been determined. The double sulphate is 
stable on boiling; but a portion of the copper dissolves in dextrose, 
in the cold, to a purple solution and precipitates cuprous oxide {12, 
p. 1852, 1855). 

A green or greenish-blue pentabasic disulphate is occasionally 
mentioned and is said to be obtained by adding an alkali hydroxide 
to an excess of copper sulphate {IS, p. 34) \ by adding slowly a con¬ 
centrated solution of an alkali carbonate to a boiling concentrated 
solution of copper sulphate, with constant agitation {6)] by boiling 
copper sulphate and potassium sulphate {2, p. 477; 3, p. 223; 15, p. 
204-205), or by the action of porous limestone on copper sulphate 
{8, p. 264).^ The hydrations reported are 5, 6, and 7 mols. Some 
writers claim brochantite is pentabasic disulphate with 5 molecules 
of water. 

PRELIMINARY WORK 

The physical properties of tribasic copper sulphate, precipitated by 
alkali or alkaline earth hydroxides or carbonates and dried, are 
often poorly adapted for fungicidal purposes, being dense and even 
gritty after careful grinding. The same is substantially true of 
tetrabasic sulphate, although it is rather more bulky as a rule; and 
nonobasic sulphate is generally too unstable to withstand drying 
without more or less decomposition. The solubility and basicity of 
the various precipitants and the solubility of the by-products are a 
matter of record and the leavening effect of a carbonate might be 
anticipated, but the necessary physical attributes of the basic sul¬ 
phate could not be deduced from the work previously cited. 

Of the hydroxides the alkaline earths were more promising pre¬ 
cipitants than the alkalies on account of their lower activity and 
were largely employed; 0.8 mol. or more with 0 to 300 c. c. of water 
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and 7.49 gni. of copper sulphate in 100 to 300 c. c. of solution were 
mixed, thoroughly agitated, filtered, and dried. Heat was applied 
in some instances to facilitate the reaction. The purity of the basic 
copper sulphate is affected by the presence of insoluble by-products 
except in the case of magnesium. Eight-tenths mol. of barium 
hydroxide, Ba( 0 H) 2 . 8 H 20 , gave a neutral mixture at room tem¬ 
perature, but careful stirring was required to assure complete pre¬ 
cipitation of the copper, and the resultant blue precipitate when 
dried was hard and unsatisfactory for spray purposes. The pre¬ 
cipitate from a hot solution is generally unstable and turns black. 
A paste prepared by one of the writers (Dunbar), by adding a satu¬ 
rated solution of bariuin hydroxide to a dilute solution of copper 
sulphate to slight alkalinity and removing the excess water by filtra¬ 
tion, kept in excellent condition for months. The paste gave fair 
suspension, uniform distribution, and a visible deposit and proved 
very adhesive. One mol. of strontium hydroxide, Sr( 0 H) 2 . 8 H 20 , 
gave a neutral naixture at room temperature and a dried product 
similar to the barium precipitate in most respects. Eight-tenths mol. 
of calcium hydroxide, Ca(OH) 2 , as milk of lime, gave a neutral mix¬ 
ture at room temperature and completely precipitated the copper. 
The blue precipitate on drying, even in vacuo at 40° to 50° C., was 
hard and gritty. Magnesium oxide, MgO, is obtained in two densi¬ 
ties—light and heavy. Although slow to react, 1 mol. gave a neutral 
mixture and completely precipitated the copper at 40° to 60° C. 
and the resultant, while not bulky, was fairly soft. 

With alkaline earth carbonates the general procedure was to 
dilute 7.49 gm. of copper sulphate with 50 to 150 c. c. of water and 
0.8 mol. of the precipitant with 50 to 75 c. c., bring to temperature, 
add the copper to the carbonate, and continue the heating for the 
period specified, with thorough mixing, filter immediately, and dry 
slowly at moderate heat. Barium carbonate, BaCOs, is obtainable 
in two forms, the crystalline, or witherite, and the precipitated, a 
soft, bulky powder. The latter may be prepared from barium 
chloride and sodium carbonate, or from barium hydropde and 
carbon dioxide. The crystalline powder faded to precipitate the 
copper, but 0.8 mol. of the precipitated carbonate gave a neutral 
mixture and completely removed the copper on long heating at 80° to 
90° C. The light blue powder obtained was of poor texture and 
suspension and, although more conspicuous on foliage than the 
calcium carbonate precipitate, possessed relatively Iqw^ fungicidal 
value, as determined by P. J. Anderson against the conidia of apple- 
scab fungus, Venturia inaequalis (Cke.) Wint. (Table 1 .) 


Table 1 .—Effectiveness of basic sulphate as shown in preliminary experiments 
against conidia of apple-scab fungus 


strength applied 

Number 

of 

slides 

1 

Average ! 
germi¬ 
nation 1 

Strength applied 

.J 

Number 

of 

slides 

Average 

germi¬ 

nation 

T \i\ 

4 

Per cent 

3 

1 in 171 ... 

2 

Per cent 

4 

0 (control) i - 

4 

49 

0 (control).—. 

2 

1 53 





1 
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Strontium carbonate, SrCOs, is also obtainable in two forms, the 
ci-ystalline and the precipitated. The crystalline, the only sample 
that was available, failed to precipitate the copper on long heating, 
even at 98° C. Magnesium carbonate is apparently available in 
three forms, the crystalline, MgCOs-SHaO, and two basic carbon¬ 
ates, 4 MgC 03 .Mg( 0 H) 2 . 5 H 20 and 3 MgC 03 .Mg( 0 H) 2 . 3 H 20 . Eight- 
tenths mol. of the first two gave neutral or slightly alkaline mixtures 
and completely precipitated the copper at a dilution of 150_ c. c. in 
30 minutes at 80°. The resulting blue precipitates were fairly soft 
and the greatest bulk was obtained with the monobasic tetracar- 
bonate, giving a volume of about 4 c. c. per gram of copper sulphate 
employed. 

Calcium carbonate, CaCOa, is obtainable in three forms, crystal¬ 
line, chemically precipitated, and physically precipitated or tritu¬ 
rated (whiting). The chemically precipitated, also known as 
precipitated chalk, may be prepared from calcium chloride and so¬ 
dium carbonate, but in the United States at least is generally made 
from milk of lime and carbon dioxide and is divided into three grades 
according to density, i. e., light, medium, and heavy. The manu¬ 
facturer of this product claims that the buUc of the several grades 
without tamping is approximately as shown in Table 2. 

Table 2 .—Density of calcium carbonate 


Grade 

1 cubic 
inch 

1 cubic 
foot 

1 pound 

I 

1 pound® 

Light. 

Grams 

5.00 
6.33 
9.60 

Pounds 

19 

24 

37 

Cubic 

inches 

92.0 

72.0 

46.7 

Cubic 

inches 

83 

58 

46 

Mftriium __ _ - _ _ 

TTeavv-_ _ . _ _ ^ _ 



® Data by a chemical supply house. 


The crystalline calcium carbonate failed to remove the copper in 
120 minutes at 80® C,, but 0.8 mol. of the chemically precipitated 
gave a neutral mixture and completely precipitated the copper at 
vpious dilutions, periods of treatment, and temperatures. Little 
difference was noted between the several grades of the precipitated, 
but preference was given to the light as probably having greater 
surface area and more likely to assure complete reaction. The result¬ 
ing blue precipitate was soft and bulky. While a number of the 
precipitants reported were sufficiently promising to warrant further 
study, calcium carbonate was selected for investigation both on 
account of the character of the residting precipitate and because it 
is readily obtainable and comparatively inexpensive. 

METHOD OF PKEPARATION 

In choosing the method of preparation, the character and volume 
of the precipitate, and the completeness of precipitation were the 
deciding factors, although time had also to be considered. In a 
measure color was a guide. A light or greenish-blue product proved 
of better quality and more bulky than a deeper blue. As 0.8 mol. 
of calcium carbonate per mol. of copper sulphate precipitated all the 
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copper, a greater quantity would simply reduce the concentration of 
basic sulphate and probably its fungicidal activity. A slight excess, 
0.013 gm. per gram of copper sulphate, was generally added how¬ 
ever to allow for moisture. The completeness of the reaction 
decreased with dilution and increased with the temperature and 
duration of treatment. With several variables more than one 
optimum might be expected. 

At a dilution of 7.49 gm, of copper sulphate in 150 c. c. of solution, 
and 2.4 gm. of calcium carbonate in 150 c. c., and periods of treat¬ 
ment ranging from 10 to 105 minutes, with hand stirring, the relative 
volumes of fresh precipitate in the mother liquor after standing five 
minutes were as follows: 


45° to 60° C--Copper incompletely precipitated. 

75°-34.3 (average of 12 tests). 

80°---35.5 (average of 8 tests). 

85°-----37.7 (average of 9 tests). 

95°..---17.9 (average of 4 tests). 


With 7.49 gm. of copper sulphate and 2.5 gm. of carbonate, and 
dilution, time, and temperature as stated, actual volumes in cubic 
centimeters of dry precipitate were obtained, as shown in Table 3. 

Table 3. —Volume of precipitate obtained with definite quantities of copper sul¬ 
phate and calcium carbonate at different dilutions^ temperatures, and periods of 
time 


Temperature 

Duration 

of 

heating 

Dilution 
50 and 
. 60 c. c. 

Dilution 
100 and 
100 c. c. 

! Dilution 150 and 
150 c. c. 


Minutes 

a c. 

O.c. 

O.c, 

50.. 

100 

28 

35 

Soluble copper. 


55 

61 

47 

Do. 


60 

71 

57 

Do. 

70-.... 

60 

67 

62 

Do. 


60 

78 

48 

63. 


60 

70 

79 

69. 


60 

63 1 

70 

71. 


60 

61 

69 

71. 


60 

50 

1 1 

53 

57. 


With the same weight of constituents, and with dilution, time, and 
temperature as stated, the bulks shown in Table 4 were obtained: 


Table 4. —Volume of precipitate obtained on heating definite quantities of copper 
sulphate and calcium carbonate at a constant dilution and temperature for different 
periods of time and filtering immediately and after standing 60 minutes 


Tenii>erature 

Duration 

of 

heating 

Dilution 

. 

Filtered 

imme¬ 

diately 

Filtered 

after 

standing 

60 

minutes 

so 

Minutes 

15 

30 

45 

60 

150 and 50 c. c_ 

ac. 

80 

83 

76 

79 

C.c, 

65 

72 
65 

73 

so 


«0 


so 
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At a dilution of 100 and 50 c. c., 30 minutes, 80° C., and moderate 
stirring, with five different lots of precipitated calcium carbonate, 
the volumes of dry precipitate obtained were 86, 48, 65, 49, and 49 
c. c., respectively. On repeating the tests with more thorough agita¬ 
tion the first sample of calcium carbonate gave dry precipitates of 
79, 108, 103, 102, 71, 92, and 93 c. c., and the fifth sample of 97 and 
65 c. c. At a dilution of 150 and 75 c. c., the first sample of carbonate 
gave 111c. c. and the fifth 76 c. c. None of the preparations reported 
contained more than a trace of soluble copper by the ferrocyanide 
test, and in the last-mentioned cases none. As the reaction could not 
be controlled until the limiting factoids were recognized, considerable 
variation was to be expected, but certain outstanding features were 
noted. 

.1, Substantially complete precipitation of the copper was obtained 
at 50° to 75° C. in high concentration., 

2. With a total of 100 c. c. of water, the bulkiest precipitate was 
obtained at 75° C.; with 200 c. c. of water at 80°; and with 300 c. c. 
at 85°. 

3. Immediate filtration at the completion of the reaction was pref¬ 
erable to allowing the mixture to stand. 

4. The most voluminous precipitates were obtained in about 200 
c. c. of water, in 30 minutes at 80° C. with thorough agitation, al¬ 
though other correlations may yield similar results. 

Thorough stirring facilitated the reaction and increased the volume 
of the precipitate and, as a rule, the more bulky the basic sulphate 
the better is the suspension. By the adoption of an electrical stirrer 
more uniform results and a better product were obtained, and by 
regulating the flow of the dilute copper sulphate into the carbonate 
control was practically assured. The process finally evolved was as 
follows: 7.49 gm. of copper sulphate in 150 c. c. of solution heated to 
80° C. were added in 5 to 6 minutes to 2.5 gm. of precipitated calcium 
carbonate, in 75 c. c. of water, at 80°, stirred vigorously for 30 
minutes (including the period of precipitation) at 80°, filtered im¬ 
mediately, dried at a low temperature, and passed through a 0.5 mm. 
sieve. The yield of air-dry basic sulphate, calcium sulphate, and 
excess carbonate was 7.07 gm.—the average of 60 determinations. 


Table 5 .—Volume of basic cojrper sulphate precipitate 


i 

Grade 

Number 
of sam¬ 
ples 

Precipitation period 

1 ’ 

Volume of pre¬ 
cipitate 

Volume 
of com- 
xwsito 
per gram, 
after re- 
sieving 

1 Range 

Average 

Range 

Average 



Minutes 

Minutes 

C.c, 

C.c. 

C.c. 


30 

3.33-17.25 

64- 

97-115 

105 

15.63 

2... 

26 

3.50-18.00 

12+ 

72-94 

81 

12.35 

3.. 

4 

16.00-21.50 

19+ 

66-70 

68 








The volume of the basic sulphate varied inversely with the depth 
of color. Grade 1 (Table 5) was light blue, grade 2 a more decided 
blue, and grade 3 slightly darker. The color apparently increased 
with the amount of tetrabasic sulphate according to the hypothetical 
combination. ■ (See Table 6.) The copper content of the crude 
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basic sulphate on an air-dry basis slightly exceeded that of crystal¬ 
line copper sulphate (theoretical 25.457 per cent). 


Table 6. Compassion of the three grades of basic copper sulphate 


Components 

; Grade 1 

i 

j Grade 2 

i 

Grade 3 

Water at 100® C., HgO____ 

Per cent 
7.SS0 
32.732 
(26.160) 
17.750 
.803 
30.930 
9.905 

Per cent 
8.900 
22.356 
(25.850) 
17.770 
.805 
30.790 
9.379 

Per cent 
9.280 
32.356 
(25.850) 
17.380 
.870 

Cupric oxide, OuO____ 

Copper, metallic, Cu______ 

Calcium oxide, CaO____ 

Carbon dioxide, C O 2 ....... 

Sulphur trioxide, SO 3 ____ 

Unaccounted...... 


Hypothetical combination: 

W’ater, H 2 O....... 


100.000 ’ 

mono 


1 , - 

7.038 
11.394 , 
28.383 
51.361 
1.824 

7.521 
9.204 
30.033 
51.413 
1.829 


Tribasic sulphate, 4nn0.S09 _ 


Tetrabasic sulphate, RCiiO.ROs_ 


Calcium sulphate, CaR04.2H90_ 


Calcium carbonate, CaCOa 



i ... 

100.000 

100.000 




Since the laboratory used by the writers is not equipped for quan¬ 
tity production, arrangements were made with a chemical firm to 
manufacture the basic copper sulphate. Fifty pounds were obtained 
for field work in 1925 and 250 poimds in 1926. The 1925 product 
was distinctly blue, fiourlike, and of poor flow. The first shipment 
of 1926 was lighter blue and of better flow, but the second was 
less satisfactory. The density and copper content of the commercial 
product are given in Table 7. 


Table 7. —Density and copper content of the commercial basic copper sulphate 


1 

Shipments 

Volume 1 
per gram i 
after j 
resieving 

Copper content 

19911 _ . _ __ 

C.c. 

5.94 1 

7.94 ! 
6.21 

Per cent 

26.38(9.12 HaO) 
26.SO(8.80H20) 
26.31 (S. 11 H 2 O) 

1926, first.—_____ 

1926, second,__ __-_- 



LABORATORY TESTS OF FUNGICIDAL EFFICIENCY 

The activity of basic copper sulphate against the conidia of apple- 
scab fungus, Venturia inaequalis (Cke.) Wint., was determined^ by 
P. J. Anderson, formerly of the department of botany of this station. 
Glass slides were sprayed on one end with the mixture at the strength 
stated, the other end serving as a control, and exposed to the air for 
24 hours. Drops of water containing spores of the fungus were then 
placed on the slides, which were kept in a moist chamber, and the 
percentage of germination was determined at the end of 24 or 48 
hours (substantially the method of Reddick and Wallace {14)* See 
Table 8. 
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Table 8. —Effectiveness of basic sulphate against conidia of apple-scab fungus 


Copper in the 
fungicide 

Strength of application 

Copper 
content 
of spray 

?fshdcs Germination average 


drains 

Per cent 

' Per cent 

26.50 per cent-- 

1 in 150 c. c--— 

0 (control)--- 

0.176 

4 0 in 24 hours." 

4 47 in 24 hours. 

26.50 per cent__ 

1 in 300 c.c--- 

.088 

2 Oil! 24 hours." 


0 (control)-- 


2 30 in 24 hours. 

26.50 per cent.. 

1 in 150 e. c-- 

.170 

2 0 in 48 hours. 


0 (control)---- 


2 20 in 48 hours. 

26.50 per cent__ 

1 in 300 c. c- 

.088 

2 0 in 48 hours. 


0 (control).-. 


2 20 in 48 hours. 

26.50 per cent... 

1 in 600 c. c.-■- 

.044 

2 Trace in 48 hours.*' 


0 (control).—.. 


2 20 in 48 hours. 


The kst three entries are repeated tests. 

»ITnchanged after 72 hours. , , , . 

The term “trace” indicates that a few spores produced abnormal short germ tubes. 


Samples of the three grades of basic sulphate were submitted to 
William L. Doran, of the department of botany, for additional tests 
with spores. He employed spores of the following fungi, using the 
method of Reddick and Wallace (14) : Apple scab, Venturia inaequalis 
(Cke.) Wint.; carrot leaf spot, Gercospora apii Fres. var. carotae Pass.; 
gray mold of lettuce, Botrytis cinerea Pers.; carrot blight. Macro- 
sporium carotae E. and L.; snapdragon rust, Puccinia antirrhini 
Diet, and Holw. 

As a basis of comparison, Bordeaux mixture of different concen¬ 
trations was used, as follows: 

Approximate 
copper content 


Bordeaux mixture (per cent) 

8.00 :8.00 :50...... 0.5000 

4.00 ;4.00 :50......2500 

2.00 :2.00 :50...-.1250 

1,00 :1.00 :50____-. 0625 

.50 : .50 :50_____ .0312 

.25 : .25 :50........ .0156 

.425: .125:50______ .0078 


Table 9. —Inhibiting effect of copper in Bordeaux mixture and in basic copper 

sidphate 


Per cent of copper in fungicide as used 


Fungi 

Bor¬ 

deaux 

Basic copper sulphate No. 

Effect on germi¬ 
nation 


mixture 

1:1 

1 

2 

3 


V- inaequalis_____ 

0.0078 

0.0078 

0.0078 

0.0078 

Germination. 

. 0156 

. 0156 

. 0156 

.0156 ’ 

No germination. 

G. apii var. carotae____| 

.0312 

.0625 

. 0625 

. 0625 

Germination. 

.0625 

,1250 

. 1250 

.1260 

No germination. 

B. cinerea J 

.0166 

. 0156 

.0156 

.0156 

Germination. 


.0312 

.0312 

.0312 

.0312 

No germination. 

M!. carotae ■< 

, 0625 

.1250 

.1250 

.1260 

Germination. 


. 1250 

.2500 

, 2500 

.2500 

No germination. 

P. antirrhini_ ' ■( 

.5000 

.5000 

.6000 

.5000 

Germination. 


'1 




No germination. 


The three grades of basic copper sulphate (Table 9) proved equally 
effective, but less so than Bordeaux mixture with the more resistant 
, fungi. 


































Oct. 15 , 1926 Effectiveness qf Copper Sulphates as Fungicides 749 


FIELD TESTS 

Laboratory tests, such as reported, are undoubtedly indicative of 
relative toxicity, but since control in the field is the main objective 
^periments were conducted by E. F. Guba at the Market Garden 
Field Station at Waltham, Mass., during the season of 1925 on 
cucumbers and celery. The cucumbers were inoculated with anthrac- 
nose, OoUetotrichum lagenarium (Pass.) Ells, and Hals., on July 21, 
about two and one-half weeks after vining had begun (July 3), and 
with downy mildew, Peronoplasmopara culensis (Berk, and Curt.) 
Rostew., on July 30. The former disease appeared in “noticeable 
proportions’’ in about 10 days and spread rapidly in the control 
plot, but the latter failed to develop. The picking season extended 
from July 24 to September 2. 

,The applications of spray or dust were made on July 3, 9, 20, 30, 
and August 7, 15, and 20. The results obtained in control of the 
disease on cucumbers are shown in Table 10. 


Table 10 .—Relative effectiveness of three fungicides used for the control of anthrac- 

nose of cucumbers 


Fungicide 

Copper 
content 
of spray 
or dust 

Number 
of appli¬ 
cations 

Number 
of rows 
treated 

Yield of cucumbers 

Gain over control 

Number 

Pounds 

Bordeaux mixture (4:4:50). 

Basic copper sulphate__ 

Per cent 
0.25 
.25 
6.00 

0 

7 

7 

7 

0 

1 

3 

3 

1 

3 

Number 
1,193 
1,329 
385 
989 

Pounds 

915 

1,055 

293 

721 

Per cent 
20.63 
34.38 

1 16.78 

Per cent 
26.91 
46.32 
j 21.91 

Copper lime dust (proprietary)- 
Control. 



! 


Observations during the growing season, together with the yield 
obtained, indicate that basic copper sulphate gave as satisfactory 
control of anthracnose as Bordeaux mixture. 

In the celery experiment, the variety Golden Plume was employed. 
This variety is very susceptible to the causal organisms of both the 
early and late blights, Oercospora apii Fr. and Septoria apii Chester. 
The former disease appeared naturally, and the latter was intro¬ 
duced by inoculation on July 20. The celery was boarded on August 
31 and harvested September 10. The spraying was done on June 
15 and 26, July 1, 15, and 30, and August 7, 15, 20, and 28. The 
results obtained are shown in Table 11. 


Table 11 .—Relative effectiveness of Bordeaux mixture and basic copper sulphate 
used for the control of early and late blights of celery 


Fungicide 

Copper 

content 

of 

spray 

Num¬ 
ber of 
appli¬ 
cations 

Yield 

Gain over control 

Num¬ 
ber of 
crates ® 

Total 

weight 

Aver¬ 

age 

weight 

Num¬ 
ber of 
crates 

Total 

weight 

Aver¬ 

age 

weight 

Bordeaux mixture (4:4:50). 

Basic copper sulphate. 

Control. 

Per cent 
0.25 
.25 

0 

9 

9 

0 

14.66 
14.60 

11.66 

Pounds 

484.0 

473.5 

279.0 

Pounds 

33.0 

32.4 

23.9 

Per cent 
25.73 
25.21 

Per cent 
73.48 
69.71 

1 _ 

Per cent 
38.08 
35,56 


“The crates contained 18 bunches with 3 stalks to the bunch. 
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Observations and yield indicate approximately equal control. 
The crop on the check plot was greatly reduced by late blight and 
had no first-grade product. 

The adhesiveness of basic copper sulphate is naturally inferior to 
that of freshly prepared Bordeaux mixture, which is of a gelatinous 
character. While this deficiency does not appear to constitute a 
serious objection, it was deemed advisable to add adhesives and 
spreaders to ascertain whether their influence was appreciable. With 
cucumbers, 4 gm. of glue (well dispersed) were incorporated with 
each gallon of spray on July 3 and 20, 1 ounce of rosin fish-oil soap 
on July 9 and 1.8 gm. of dextrin on July 30. With celery, 4 gm. of 
glue were added on June 26 and July 1, and 4.5 gm. on August 28; 
0.5 ounce of rosin fish-oil soap on July 15, and 1.8 gm. of dextrin 
on July 30. On the remaining dates, with both cucumbers and 
celery, no adhesive was added. Further trials on a small scale were 
made on cucumbers, celery, and tomatoes with from 2 to 5.7 gm, of 
dextrin, albumin, gelatin, gum arabic, and glue, of which the two 
latter and rosin fish-oil soap appeared the more promising from a 
visual inspection of the residue after washing. Soap is objectionable 
in that it forms a curdy precipitate. Guba also employed 4.5 gm. 
of calcium caseinate to the gallon of spray, but he did not note any 
appreciable improvement except possibly in spreading. The work 
is being continued with a variety of compounds and the actual 
quantity of copper on a given area of leaf surface determined before 
and after washing. 

SUMMARY 

The crude basic copper sulphate described is a light, bulky powder, 
of good flow, free from grit, and adapted for application as a spray 
or dust. 

The copper content is similar to that of copper sulphate and can 
presumably be applied at the same concentration as Bordeaux 
mixture. 

Basic copper sulphate is an effective fungicide, easily applied, 
fairly indicative of the leaf surface covered, and of reasonable sus¬ 
pension, distribution, and adhesiveness. 
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THE LINKAGE OF PUBESCENT NODE AND BEARD 
FACTORS AS EVIDENCED BY A CROSS BETWEEN 
TWO VARIETIES OF WHEAT ‘ 

By E. F. Gaines, Cerealist, Washington Agricultural Experiment Station, and 
Arthub Carstens, graduate student, Washington State College 

^ Linkage groups in wheat have not formerly been definitely estab¬ 
lished, but the presence of two bearded, smooth-noded plants found 
in the F 2 generation of a cross of Hybrid 128 X Velvet Node grown 
in 1924 made it seem likely that crossing over occurred within the 
bearded-pubescent node linkage group. This supposition was 
strengthened by the fact that Love and Craig ^ had found aberrant 
cases in a cross between Velvet Node and “New Columbia” which 
were not at first definitely known to be crossovers, but which subse¬ 
quent testing has probably proved to be such. 

Hybrid 128, Washington No. 592 and Cereal Investigations No. 
4512, has an awnless, club head, white seed, and stift* straw. This 
winter wheat was developed at the Washington Agricultural Experi¬ 
ment Station, and is commonly grown in eastern Washington. 

The Velvet Node parent is the offspring of a single plant found 
in a field of spring wheat near Colton, Wash., in August, 1919, and 
has been Washington No. 1981. It is a bearded spring variety, with 
long head and red grain. In addition, it has a hairy node like that of 
Cereal Investigations accession No. 5877. 

The seeds obtained from crossing these two varieties were sown in 
the fall of 1922, and three Fi generation plants were harvested the next 
summer. These plants were aU beardless, having club heads, pu¬ 
bescent nodes, red grain, and spring habit of growth. 

Part of the seeds produced in this Fi generation were rolled in 
smut and part were treated with copper carbonate dust before plant¬ 
ing in the fall of 1923. Of the 393 smut-free plants harvested from 
the treated row, 189 were breadless and possessed pubsecent nodes, 
112 were bearded and possessed pubescent nodes, 90 were beardless 
and possessed a glabrous node, and 2 were bearded and possessed a 
glabrous node. 

A 9 : 3 : 3 : 1 ratio had been expected, but with the exception of the 
two bearded plants with glabrous node the results approached a 
2:1:1 ratio. This indicated a very close if not complete linkage of 
the factors producing beards and pubescent nodes. The presence of 
the two aberrant cases was the only evidence in the F 2 generation 
that crossing over had occurred. 

In the spring of 1925 these F 2 generation seeds were sown. Three 
hundred and eighty-three rovrs of plants were produced from which 
the gametic composition of the F 2 generation could be interpreted. 
The results are shown in Table 1. The factor for beardlessness is 
denoted by 5, for the bearded condition by &, for pubescent node 
by 7, and for glabrous node by i\ 


1 Received for publication May 20,1026; issued October, 1926. Published with the approval of the director 
of the Washington Agricultural Experiment Station as Scientific Paper No. 132, College of Agriculture and 
Experiment Station. 

2 Love, H. H., and Craig, W. T. the inheritance of pubescent nodes in a cross between two 
VAR iTiES of wheat. Jour, Agr. Research 28: 841-844. 1924. 
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Table 1, —The gametic composition of the Fn generation as indicated hy the segre¬ 
gation in the Fz generation, compared with the theoretical composition based on 
the total numher of crossover gametes actually occurring 


Homozygous: 

BBVV (crossover) 
BBm (noncrossover). 
hb VV (noncrossover) 

bbvi' (crossover)«. 

Heterozygous: 

Bb T r (crossover)«.. . 
Bbv V (noncrossover). 
Mixed: 

B B Vv ( crossover).... 
Bb T'H (crossover)... 

Bbiw (crossover). 

Wj Tr (crossover)_ 

Total. 


Genotypes 


Actual 

Theoret¬ 

ical 

DiiTer- 

enco 

0 

0.3 

-0,3 

78 

86.0 

-8.0 

95 

86.0 

+9,0 

2 

.3 

+1.7 

0 

.5 

-.5 

172 

172.0 

0 

r> 

9.5 

-3.5 

7 

9.5 

-2.5 

8 

9.5 

-1.5 

15 

9.5 

+5.5 

SSli 

383.1 

-. 1 


« Crossing over in both gametes; each of the other four crossovers contains one crossover and one non¬ 
crossover gamete. 


The calculation of the theoretical numbers according to Jenningses 
formulae ^ is briefly explained in the following paragraphs. 

The 383 plants represented 766 gametes, of which 726 showed the 
same combination of factors as occurred in the foregoing generation 
of gametes and 40 showed other combinations. The 36 cases in which 
crossing over occurred in one of the gametes represented 36 and the 
2 cases in which crossing over occurred in both represented 4 of the 
40 gametes last mentioned. The linkage ratio, r, is therefore calcu¬ 
lated as follows: -^ = 18.15. 

40 

The formulae as applied to this problem are copied below. The 
letters 5, 6, F, and v are substituted for A, a, 5, and 6 of Jenningses 
formulae, and the case in which the original parents, i. e., the Fi 
generation, are BivV, is taken instead of 56Fy used by Jennings. 
In other words, a^ dominant and recessive character are linked, in¬ 
stead of two dominants. Linkage equals r in both sets of gametes. 
The results give the zygotic constitution of a theoretical population 
of one by any number of successive self-fertilizations. Since n equals 
1 in this problem, the formulae become quite simple and are conven¬ 
iently applied without the use of the recurring common surds v and 
w. These specifically applied formulae are given in next to the last 
column of Table 2. The last column gives the numerical results of 
substituting 18.15 as the value of r. These figures multiplied by the 
383 zygotes considered give the theoretical numbers shown in Table 1. 

The percentage of crossover, however, conveys a more concise and 
comparable impression of the degree of linkage than any other single 
figure. It is also the basis for the construction of chromosome maps.^ 

The percentage of crossover is calculated according to the concep¬ 
tions obtained from Sinnott and Dunn ® as follows: +100 = 5.222. 


* Jennings, H. S. the numerical results or diverse systems of breedixg, with respect to two 

]^IES OF characters, LINKED OR INDEPENDENT, WITH SPECIAL RELATION TO THE EFFECTS OF LINKAGE. 
Genetics 2:154. 1917. 

J Morgan, T.H. the theory of the gene. p. 24, illus. New Haven and London. 1926. 

Dunn, L. C. principles of genetics, an elementary text, with problems . 
p. 160,161, 168. New York and London. 1925. 
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To show the relationship between linkage ratio denoted by r and 
percentage crossover denoted by p, the following formulae were 
derived: 


p-- 


. 100 
r + 1 


r= 


100-p 

■P 


Table 2. —Formulae for the zygotic constitution of the -population derived from the 
F\ 'parent BhvV by any number of successive self-fertilizations; also formulae 
adapted to the F 2 generation and results obtained when r—18.15 


Let r=the linkage ratio 

w=the number of successive self-fertilizations 


2(r+l)2 

ri-l 

y) sss’^ --- 

^(r+l)2 


Genotypes 

After n generations 

If n=l 

If n=l and 
r=18.l5 

nnvv 

2n-l —1 j _ 

1 

0.0007 


2"+i ^ 4 



1 . . . . W . 

r2 

.2246 


2»+i ^ 4 

4(r+l)2 

55 7K . 

Same as BBvv _ 

Same as BBvv 

.2246 

55w..,. 

SameasS^FF .. . . . ... 

Same as BBVV 

.0007 

Total homozygotes_ 

2n-l_l 

rs-fl 

.4505 


2»-i -- 

2(r+l)2 


BhVv^... 

e?n_|^n 


.0014 


2 . 

2(r-i-l)2 


BhvV. . 


r2 

.4491 


2 . 

2(r+l)2 


Total heterozygotes. 


1 

.4505 

BBVv.. 

..... 

_1_^ 

2(r-H> 

; r 

.0247 


2’*+i 2 ... 

2(r+l) 2 1 


BhVV. . 

Sameas£jBFp . ___-. 

; Same as BB Vv 

.0247 

B}^v ..._ 

Same as BB Vv _ 

\ Same as BB Vv 

.0247 

55 Vv . 

Same as BBVv ... 

' Same as BB Fc 

.0247 

Total Tnivfid 


2r 

.0990 


2«-i .... 

i (r+i)2 


Total population . . 

i.. . . . 

: 1 

1.0000 






The actual counts correspond to the theoretical expectation closely 
enough to warrant the conclusion that linkage exists betw^een the 
beard and pubescent node factors and that the degree of linkage is 
such that about 5 per cent of crossing over occurs. It will be noted 
that the bearded groups in every case were larger than expected, and 
this prolificacy in regard to beards was proportionately greater in the 
crossover classes. 


































AN APPARENTLY NEW SUGAR-CANE MEALYBUG ^ 

By Haroli> Morrison 

Entomologist, Fruit Insect Investigations, Bureau of Entomology, United States 
Department of Agriculture 

INTRODUCTION 

The mealybug described below has been reported as injurious to 
sugar cane in certain localities in Cuba, and is now the subject of 
study by the^ entomologists of the Tropical Plant Research Founda¬ 
tion. A review of the systematic literature on the group to which 
it has been assigned indicates that the species has not yet been de¬ 
scribed, and this description is therefore offered in order to make 
it known and to facilitate reference to it in any future publications 
regarding its injuriousness. 

GENUS RIPERSIA SIGNORET 

The genus Ripersia, as now accepted, does not contain a well de¬ 
fined, homogeneous group of species, but instead is little more than 
a dumping ground for species of mealybugs having 6-segmented 
antennae and living on members of the Gramineae, or on the roots 
of other plants or in ants’ nests. Such being the case, few precise 
suggestions can be offered respecting the actual relationship of the 
form now described. 

RIPERSIA RADICICOLA, new species 

Described from alcoholic specimens only; no information available 
regarding the character and extent of the external secretionary 
covering. 

Occurs on the roots of the host plants. 

Adult female. —^Very stout oval, almost circular in outline, strongly convex, 
length of fully developed form as mounted 3.5 mm., width about 3.25 mm.; 
antennae 6-segmented, placed rather close together, although not contiguous, 
lengths of segments of one in microns as follows: I, 53; II, 50; III, 70; IV, 
28; V, 43; VI, 86; segment V with one, VI with three to four stout setae in 
addition to slender set ©; legs short and smaU but stout, not otherwise unusual; 
measurements of a posterior leg in microns as foUows: Coxa, 200; trochanter, 
90; femur, 168; tibia, 136; tarsus, 90; claw, 34; hind coxa with numerous, 
but scattered, tiny pores on both faces, claw without denticle, claw digitules 
threadlike but distinctly knobbed at apices, barely reaching tip of claw, tarsal 
digitules more slender, not knobbed; beak elongate conical, distinctly 2-seg- 
mented, length about 195 p; both anterior and posterior pairs of ostioles 
present, small and inconspicuous; only the posterior apical pair of cerarii 
developed, each made up of a pair of small conical spines and a loose cluster 
of triangular pores; anal lobes, as such, wholly undeveloped, apical seta placed 


1 Received for publication May 7,1926; issued October, 1926. 


Journal of Agricultural Research. 
Washington, D. C. 


( 757 ) 


Vol. 33, No. 8 
Oct 15. 1920 
Key No. K-177 



758 


Jour nal of Agricultural Eesearch 


Vol. 33, No. 8 


immediately beneath apical cerariiis, without chitiuized thickening adjacent, 
each seta about 200 long; body with triangular pores, scattered fairly 
uniformly, more numerous along the margin and posteriorly, with relatively 
few multilocular disk pores around the vaginal opening, and with numerous 
large tubular ducts in loose clusters along the abdominal margin, a few scat¬ 
tered along the margin anterioi-ly, and in transverse rows ventrally in the 
abdominal region; body setae few, small, slender, inconspicuous, most 
abundant adjacent to the duct clusters, anal ring slender with two rows of 
pores and six setae, the longest of these about 118 ia; ventral cicatrix not 
located, apparently not present. 



Fig. 1 .—Ripersia radioieola, adult female. 
230; B, outline of lx)dy, optical section, 


A, ape3 
X 12; 


beak, x 120; E, antenna, x 120; F, leg, X 120 


; of abdomen, dorsal and ventral, X 
C, types of body pores, X 1275 ; D, 


This species has been described after an examination of micro¬ 
scopic slide mounts from the following lots of material: On roots 
of sugp cane, Jobabo, Cuba, January 21, 1925, collector C. F. Stahl 
(Tropical Plant Eesearch Foundation No. 14a Ent.) (holotype and 
paratypes); the same, December 3, 1924 (T. P. E. F. No. 14 Ent.) 
(paratypes); the same, collected January 23,1925, T. P. E. F. No. 14b 
Ent.) (paratypes); on Crystallina roots, same locality, forwarded 
by W. A. Orton, August, 1924 (paratypes); Central Baragua, Cuba, 
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on sugar cane, May 6, 1925 (T. P. E. F. No. 1081 Ent.) (paratypes), 
and May 13, (T. P. R. F. No. 1097 Ent.) (paratypes); same locality 
on grasses; May 6 (T. P. E. F. No. 1082 Ent.) (paratypes); on cane 
roots, eastern Cuba, collector S. C. Bruner (No. 9027)', receiTed with 
letter of December 14, 1923 (paratypes); Soledad, Cuba, February 
27, 1925, collector J. G. Myers (No. 591) (paratypes); Habanilla, 
Cuba, April 7,1925, collector J. G. Myers (No. 684) (paratypes); on 
roots of Echinochloa colonum^ Baragua, Camaguey, Cuba, April 21, 
1926, collected by C. F. Stahl (paratypes). 

The types of the species are in the United States National Collec¬ 
tion of Coccidae. 

The insect herein described has been compared with specimens or 
descriptions of all of the mealybugs that have been reported to occur 
on sugar cane. It has also been compared with all of the species of 
Eipersia represented in the national collection. Of these it resembles 
the species Ripersia anomala Newst. and i?. aurantia Cockerell in 
that all have clusters of relatively large, short tubular ducts present 
along the body margin; it differs from both of these in several par¬ 
ticulars, but most consj)icuously in having only the single posterior 
apical pair of cerarii developed, the other two species having the 
series of marginal cerarii complete, or practical!}' so. 

No definite statement can be made as to the original home of the 
species. The very limited information now available suggests the 
possibility that it is native to Cuba and has transferred its activities 
from some indigenous plant, probably a grass, to sugar cane. 




A CONTRIBUTION TO THE BACTERIOLOGICAL STUDY 
OF HAM SOURING* 

By E. A. Boyer 

Associate Chemist^ in charge of the Omaha Meat Inspection Laboratory of the 
Bureau of Animal Industryj United States Depart7nent of Agriculture 

INTRODUCTION 

^^Ham souring is a term applied in the meat-packing industry to 
any sour, unsound, or putrid condition developing in the interior of 
the ham. It may vary in degree from a slight taint in a limited area 
to a putrid condition affecting almost the entire ham. 

The first systematic scientific study of ham souring was conducted 
by McBryde,^ who concluded from his investigation that ham sour¬ 
ing is caused by an anaerobic bacillus to which he gave the name 
Bacillus putrefaciens. He reported the isolation of this bacillus from 
sour hams, its cultivation in the laboratory, the production of typical 
souring by moculating sound hams with the cultures, and recovery of 
the bacillus from the hams soured by this means. McBryde assumed 
that this baciUus is present in the dust and dirt of packing houses 
and gains entrance to the hams through the various manipulations to 
which they are subjected. 

In a previous communication ^ the writer showed that the interior 
portions of fresh, chilled hams are never sterile, but harbor numerous 
species of bacteria, both aerobic and anaerobic, including BaciUus 
putrefaciens and other bacteria of the type commonly associated with 
ham souring. The presence of a similar flora in the lungs of hogs 
slaughtered in accordance with regular practice was also reported. 
The conclusion drawn was that every ham must be regarded as a 
potential sour ham containing the organisms which w^ould cause 
spoilage if permitted to develop. 

During the interval since the appearance of the publication last 
cited, A. F. Keith, working under the Arthur Lowenstein fellowship 
placed at the University of Chicago through the Institute of American 
Meat Packers, has been engaged in an investigation of the subject. 
Through the courtesy of J. F. Norton, directing the fellowship, and 
W. Lee Lewis, director of the Bureau of Scientific Research in the 
Institute of American Meat Packers, an opportunity was afforded in 
March, 1925, for an exchange of views on Keith’s findings and the 
data obtained by the writer as here set forth. 

THE PROBLEM 

The finding of various species of bacteria in the interior of hams, 
including the bone marrow, 48 hours after slaughter, together with 
the fact that during such time the carcasses had been held at a low 


1 Received for publication June 5,1926; issued October, 1926. 

2 McBryde, C. N. a bacteriological study of ham souring. U. S. Dept. Agr., Bur, Anim. Indus. 
Bid. 132, 55 p., illus. 1911. 

3 Boyer, E. A. a study of the spoilage of hams and other pork products. Amer. Food Jour. 18: 
197-200. 1923. 
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temperature in the chill room, made it appear probable that such 
organisms were present at the time the carcasses were removed from 
the killing floor. This supposition having been confirmed, as shown 
by data presented later, further investigation was dmected toward 
locating the source of the organisms. 

Three possible sources were suggested—first, that the organisms 
are present in the blood and tissues of the living animal before 
slaughter; second, that they are rapidly disseminated throughout 
the carcass after death; and, third, that they gain access during the 
various manipulations to which the carcass is subjected on the killing 
floor. The last-mentioned hypothesis appearing most probable, 
attention was first given to it. 

METHODS AND PLAN OF WORK 

The methods used and the plan of work were such as would serve 
the purpose in hand rather than those suited to an exhaustive investi¬ 
gation of the subject. 

The hams used were obtained from a local establishment operating 
under Federal inspection. Not over one hour elapsed from the time 
the hams were cut from the carcasses until the cultures were removed. 
Cultures were taken from each ham from one or more of the following 
locations: Flesh in close proximity to the stifle joint; bone marrow 
of the femur; and synovial fluid of the stifle joint. All instruments, 
media, and solutions used were sterilized in accordance with the usual 
methods. Care was taken throughout to prevent extraneous 
contamination. 

The hams were sectioned with a heavy knife heated to such tem¬ 
perature as thoroughly to sear the cut surfaces. The area from which 
cultures were to be taken was again seared on the exposed surface, 
and portions of the flesh were taken from beneath this area by means 
of scalpel and forceps. In taking cultures of the joint fluid the 
meat was carefully removed, leaving intact the femoropatellar 
capsule. The exposed surface was then seared and a small incision 
made through which the fluid was removed with a platinum loop. 
Cultures of the bone marrow were taken close to the nutrient foramen, 
at which point the marrow usually shows a collection of blood. 

ANAEROBIC GROWTH 

Portions of approximately 3 gm. each of the flesh and bone marrow 
were planted into separate tubes of cooked meat medium and incu¬ 
bated for eight days. Incubation was conducted for two days at 
37.5° C. and at room temperature for the remainder of the period. 
From those tubes showing evidence of anaerobic growth, such as 
digestion of the medium, gas formation, or foul odor, stained smears 
were examined microscopically. For isolation the tubes were heated 
to 80° to 85° C. to eliminate vegetative forms, and deep shake cultures 
were made in glucose agar, the treatment being repeated until an 
evidently pure culture was obtained. It is, of course, recognized that 
by such procedure some specimens may have been regarded as free 
from anaerobes wMch would have been found otherwise by more 
intensive examination. 
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AEROBIC COUNT 

A 3 to 5 gm. portion of the flesh was disintegrated as much as 
possible by shaking for approximately one minute with ground glass 
in 10 c. c. of sterile distilled water. No decided disintegration of the 
meat could be obtained in this manner. A 1 c. c. portion was then 
planted on plain nutrient agar and incubated for 48 hours at 37.5® C. 
The aerobic count in the data given represents, therefore, the number 
of organisms obtained from 0.3 to 0.5 gm. of flesh. In the case of the 
joint fluid two loopfuls were used for each plate and the aerobic 
counts given represent the number of colonies developed from that 
quantity. 

BACILLUS COLI 

Portions of the flesh and bone marrow similar in quantity to those 
used for anaerobic bacteria and portions of the joint fluid such as 
were used for aerobic count were planted direct into lactose bile. 
In addition, 1 c. c. quantities of the preparation of the flesh used 
for aerobic plates were planted into lactose bile. From all tubes 
giving presumptive evidence of B. coli through gas formation in the 
lactose bile, streak cultures were made on Endows medium for con¬ 
firmation. 

TESTS ON HAMS TAKEN FROM KILLING FLOOR 

^ Six hams, each from a different carcass, were removed as soon as 
killing-floor operations had been completed and before the carcasses 
were run into the cooler. Under conditions prevailing at the estab¬ 
lishment at the time these specimens were taken, approximately 
30 minutes elapsed between the sticking of the animals and eviscera¬ 
tion, and about 15 minutes more before the samples were taken. 
The results obtained on examination of these six hams in accordance 
with the methods detailed above are shown in Table 1. 


Table 1 .—Results of examination of hams from hog carcasses 4*^ minutes after 

slaughter 


Specimen 

Anaerobes 

Aerobic 

colonies 

B. coli 

No. 112; 

Fle.sh. 

Foimd...-. 

9 

Not found 

Joint fluid_ ____ 

(«). 

5 

(«) 

Do. 

Bone marrow.. __ 

Found...-.. 

Do. 

No. 113: 

Flesh. 

Not found.. 

30 

Do. 

Joint fluid_ ... . _ 

{“)....i 

; 20 
(®) 

Do. 

Bone marrow..__ 

Found... 

Do. 

No. 114: 

Flesh. 

Not found. 

21 

Do. 

Joint fluid ... . .. .. _ 

(o)... 

4 

Do. 

Bone marrow . ____ 

Found... 

(-) 

Do. 

No. 115: 

Flesh .-.1 

Not found... 

78 

Do. 

Joint, fluid 

(«*).. 

32 j 

(“) 

Do. 

Bone marrow _ _1 

Not found. 

Do. 

No. 116: 

Flesh .-. 

Found-.... 

9 

Do. 

.Joint fluid . _ . _ 

(®). 

6 

Do. 

Bone marrow.. _. _ 

Found. 

(«) 

Do. 

No. 117: 

Flash __ _ 


14 

Do. 

Joint fluid _ 

(«).-. 

3 

Do. 

Bone marrow __ __ 

Not found.. 

(«) 

Do. 






«No test. 
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This evidence of the existence of microorganisms in the interior 
of the hams 45 minutes' after slaughter is in accord with the results 
obtained in the former work from examination of 29 hams taken at 
the conclusion of the chilling period, and shows that the organisms 
found were present at the beginning of the chilling period. 

A number of species of anaerobes were represented in the cultures 
obtained, and reference to their presumptive identification will be 
made below. There were isolated a numerous and varied group of 
aerobic organisms: Coccus and rod forms, motile and nonmotile; 
gelatin liquefiers and nonliquefiers, chromogenic and nonchromogenic. 

The absence of the Bacillus coli group of organisms from the nu¬ 
merous cultures taken from these hams is of particular interest. The 
members of this group are abundant and ubiquitous on the killing 
floor, and are almost invariably found on the surfaces of the carcasses 
which are exposed during killing-floor operations. Their absence is 
of special significance in that it goes far to eliminate the possibility 
that the organisms present in the hams gain access during killing-floor 
operations. 

Because of the temperatures prevailing, the scalding and dehair- 
ing operations are exceptions. Examination of several samples of 
the water used in these processes showed that the temperature pre¬ 
vailing (140° to 145° F.) eliminates Bacillus coli, while the spore¬ 
bearing anaerobes and other heat-resistant organisms are abundant. 
The bacterial flora of the scalding vat, like that of the lungs, bears 
a striking similarity, in its general character at least, to that of the 
carcass. The possibility of the dirty vat water entering through 
the stick wound into the circulatory channels and, abetted by the 
beaters of the dehairing machine, being rapidly and widely dis¬ 
tributed throughout the carcass appeared to warrant consideration. 

In order to obtain information on this point, the stick wounds of 
four carcasses were securely ligatured so as to preclude the possi¬ 
bility of contamination entering in that manner during the scalding 
and dehairing. A ham was taken from each of the dressed carcasses 
and examined, with the results shown in Table 2. 

Table 2. —Results of examination of hams from carcasses loiih stick wounds 
ligatured during scalding and dehairing 


Specimen 

Anaerobes 

Aerobic 

colonies 

B. coli 

No. 136; 




Flesh. 

Not found— 

73 


Joint fluid._ 

(o).. 

40 

Do. 

Bone marrow... 

Not found— 

(a) 

Do. 

No. 137: 



Flesh. 

do 

25 

Do 

Joint fluid--;..•. 

(«).. 

6 

Do 

Bone marrow.-. 

Found - . 

(a) 

Do. 

No. 138: 



Flesh... 

.do. 

38 

Do. 

Joint fluid. 

(«). 

6 

Do 

Bone marrow... 

Found_ 

(o) 

Do! 

No-139: 



Flesh. 

__do. 

7 

Do. 

Joint fluid.. „ 

(a). 

0 

Do 

Bone marrow._•. 

Not found— _ 

(a) 

bo! 





























Oct. 16, 1926 


A Bacteriological Study of Ham Souring 


76o 


. As a further test, two carcasses were taken direct from the bleed¬ 
ing rail, scalded in steam cooker, and the hair removed by hand 
scraping. Examination of the hams from these carcasses gave 
results consistent with those previously obtained. 

Finally, the hams removed from four carcasses taken directly 
from the bleeding rail and neither scalded nor dehaired, were exam¬ 
ined. The hams were removed from these carcasses as soon as bleed¬ 
ing had been satisfactorily completed and cultures were taken imme¬ 
diately from the flesh and bone marrow (Table 3). 

Table 3. —Results of examinations of hams from carcasses direct from bleeding rail 



Number of 

Number 

1 n^ive ' Showing 
, positive anaerobes 

Specimen 

cultures 

taken 

No. 142; ' 



Flesh.-... 

2 

2 ! 0 

Bone marrow. 1 

1 

1 1 

No. 143: i 



Flesh... i 

2 

2 ! 1 

Bone marrow. 

1 

1 j 1 

No. 144: 


Flesh... 

1 

0 i 0 

Bone marrow.. 

1 ! 

1 : 0 

No. 145: 


1 

Flesh... 

2 

1 1 i 

Bone marrow. 

1 

1 ’ 

1 ‘ 

0. 0 


The results of this investigation showed that the bacteria present 
in the chilled carcass do not gain access to it through any of the opera¬ 
tions on the killing floor, but are present immediately after the death 
of the animal and before the carcass has been subjected to any of 
the killing-floor operations. No attempt was made to determme 
whether the bacteria found were the result of rapid, agonal invasion 
or whether they are present in the blood and tissues of the living 
animal. While this question is one of scientific interest, it was not 
within the scope of the present investigation. 

CHARACTERISTICS OF, THE BACTERIA FOUND 

The demonstration of anaerobic bacteria in the hams taken 
directly from the carcasses on the bleeding rail is of particular interest 
and importance, since it is organisms of this type which are responsible 
for the souring of ham. 

From anaerobic cultures of the hams taken from the killing floor 
there were isolated five distinct species. Four of these have been 
tentatively identified as Bacillus putrefacienSj B. histolyticus, B, 
sporogeneSj and B. tertius. The fifth species has not been identified. 

No thought is entertained that all the species of anaerobes occurring 
in fresh hams were isolated. For instance, the unidentified organism 
was overlooked for a long period. When it was finally isolated and 
familiarity with its morphological characteristics attained, it was 
recognized as an organism which had been observed repeatedly in the 
smears from the anaerobic cultures. Further, there was. obtained 
toward the close of the work a species which, although culturally 
resembling Bacillus sporogenes and tentatively classed ^ such, pre¬ 
sented a unique morphology which made the tentative identification 

13707—26-5 











Journal of Agricultural Research 


VoL 33, No. 8 


7. (56 


questionable. Other characteristics or peculiarities are noted in the 
comments on each particular organism. 

BACILLUS PUTREFACIENS 

B. putrefaciens was found frequently in fresh hams and has been 
repeatedly isolated from sour hams. It was the only organism 
isloated which formed perfectly round terminal spores. Fully devel¬ 
oped spores were formed in deep colonies in glucose agar after seven 
days’ incubation. When grown in pure culture in the cooked meat 
medium used, this organism did not form spores. In mixed cultures 
from hams, on the contrary, it was often found to form spores freely 
after five to seven days’ incubation in this medium. This organism 
is primarily of the saccharolytic group and gives no evidence of 
digestion of the solid particles in cooked meat medium. Its optimum 
temperature for growth was from 20 to 25° C. In shake cultures in 
glucose agar incubated at 37.5° there occurred in the lower part of the 
medium a marked haziness, but colonies of visible size did not develop 
at this temperature. 

BACILLUS HISTOLYTICUS 

B. Mstolyticus has been repeatedly isolated from fresh hams and 
has often been isolated from hams and shoulders which were found to 
be spoiled at the end of 48 hours in the chill room. In some such 
cases the odor of the affected areas was characteristic of that pro* 
duced in vitro by this bacillus.. This organism is distinguished from 
all of the other anaerobes herein considered by the fact that it does 
not produce any gas bubbles when grown in deep colonies in glucose 
agar and no fragmentation of that medium even after four days’ incu¬ 
bation. This is in marked contrast to the action of B, sporogenes 
which otherwise is somewhat similar in its growth, particularly in the 
cooked meat medium. The extremely rapid proteolytic action of this 
organism in the meat medium and early deposition of white crystals 
were marked and characteristic features. 

BACILLUS SPOROGENES 

B. sporogenes was distinguished by the fact that it showed greater 
tolerance of oxygen than any of the other anaerobic forms studied. 
In glucose agar the colonies would extend to within 1 cm. of the surface. 
It grew vigorously in the cooked meat medium with digestion of the 
meat particles, formation of black pigment, and generation of a 
characteristic rank odor. Spores formed readily and profusely in 
the meat medium. 

BACILLUS TERTIUS 

jB. tertius was isolated in only three instances. As with B. putre¬ 
faciens , formation first appears as an oval terminal enlargement 
of the rod, which stains heavily. The fully developed spores were 
extremely large, of oval shape, and stained only very faintly. Growth 
in meat medium was accompanied by marked evolution of gas and 
decided pink coloration of the meat particles. 
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UNIDENTIFIED BACILLUS 

An unidentified organism was commonly found in fresh hams. In 
form it is a very stout rod of approximately the same length as B, 
sporogenes but much thicker. It stains very unevenly. Even in 
young cultures areas which stain very faintly or not at all are observed. 
This is not due to spore formation Wt is suggestive of autolysis. It 
possesses numerous flagella but no motility was observed, although 
repeated observations were made. This organism is an extremely 
strict anaerobe. Spores form readily in the cooked meat medium. 
The spores are quite large, usually oval in shape but often show 
parallel sides and flattened ends. The peripheral outline of the 
spore stains densely. The spore seemingly forms centrally, but, 
when fully developed occupies nearly the entire rod with little, if 
any, distention. Occasionally at one end of the spore there is a slight 
projection of the rod. Glucose was fermented with production of 
acid and gas. Milk did not appear to be a favorable medium for 
growth. In cooked meat medium gas evolution was moderate, there 
was no appreciable decrease in the volume of meat particles, and no 
odor could be detected even in old cultures. This organism seemed 
to resemble B. oedematiens, but is not identified as such. 

In this study particular attention has been given to Bacillus putre- 
faciens for the reason that it finds its optimum condition for growth 
at a lower temperature than any of the other organisms studied, and 
that it has been found so commonly associated with ham souring. 
The frequency with which it was found and isolated from fresh hams, 
together with the small size of the samples taken, justifies the belief 
that it is commonly present in fresh hams. Such being the case, it 
follows that the mere presence of B. putrefaciens in the ham is not 
sufficient to cause spoilage. 

The first check applied in regular packing-house operations is that 
of refrigeration. Refrigeration is no doubt an effective check, but 
it must be remembered that organisms of the type studied are gen¬ 
erally capable of growth at rather low temperatures. Bacillus putre* 
faciens in particular finds its most favorable growth temperature at 
from 20*^ to 25° C. (68° to 77° F.) and it grows readily, although less 
rapidly, at from 8° to 10° C. (46.5° to 50° F.). It is evident, therefore, 
that if refrigeration is to be effective it must needs be thorough. 
This is in harmony with the fact, well known in the meat-packing 
industry, that overtaxing the capacity of the plant, particularly that 
of the refrigerating system, is likely to be followed by an “epidemic’^ 
of ham souring. 

SUMMARY 

Hams from dressed hog carcasses taken from the killing floor 
45 minutes after slaughter were found to harbor microorganisms in 
the interior musculature, synovial fluid, and bone marrow. Similar 
organisms were found in hams from carcasses scalded in a steam 
cooker and scraped by hand, and in hams taken from the carcasses as 
soon as bleeding had been completed. ^ u 

Five species of anaerobes, namely, Bacillus putrefacwris, B. his-- 
tolyticuSy B. sporogenesy B, tertiuSy and an unidentified organism 
resembling B. oedematiens in some respects, were isolated from such 
hams. 
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There were also present numerous and varied aerobic organisms. 

No organisms of the Bacillus coli group were found, although a 
special search was made for them. It is concluded, therefore, that 
this group is rarely, if ever, present in the bacterial flora of fresh hams. 

There is no evidence that any of the organisms found gained access 
through killing-floor operations. 

CONCLUSION 

From the foregoing data it is concluded that the organisms respon¬ 
sible for ham souring are disseminated throughout the carcass from the 
moment of slaughter and possibly are present in the blood and tissues 
of the living animal. It is evident, therefore, that access of these 
organisms can not be prevented by any alteration of killing-floor 
operations or practices. Prevention of ham souring depends, there¬ 
fore, on preventing the development of the causative organisms which 
are known to be present. Prompt handling and prompt and efficient 
chilling resulting in early attainment of the low temperatures required 
to check the development of Bacillus 'putrefaciens and similar organ¬ 
isms, and maintenance of uniform low temperatures until sufficient 
salt has been taken up by the ham to hold these organisms in per¬ 
manent check, are the means of prevention indicated. The effective¬ 
ness of these methods, is shown in a practical way by the low rate of 
spoilage attained by those establishments at which they are consist¬ 
ently practiced. 



SEED TREATMENTS FOR SWEET-CORN DISEASES' 


By C. S. Reddy, Associate Pathologist^ and J. R. Holbeet, Agronomist^ Office of 
Cereal Crops and Diseases^ Bureau of Plant Industry^ United States Department 
of Agriculture, and A. T. Erwin, Chief in Vegetable Crops, Iowa Agricultural 
Experiment Station ^ 

INTRODUCTION 

This paper presents the data on sweet-corn seed treatments 
obtained in 1925 from 800 plots of 25 hills each. Approximately 
half of the plots were located near Bloomington, Ill., and the remain¬ 
der at Ames, Iowa. Because of the rather promising economic 
possibilities of certain of the treatments, the results are thought to 
be worth publishing, even though the principal data are from experi¬ 
ments of only one year. 

During the last five years experiments have been conducted on the 
treatment of dent-corn seed for the control of the seed-borne diseases. 
The results of these experiments are being published in another 
paper in which a limited survey of the pertinent literature is included. 
In the experiments with dent corn, the most promising results have 
been obtained during the past three years with organic compounds 
of mercury. It was anticipated that, as soon as the methods of 
control used in the dent-corn experiments were published, the sweet- 
corn growers would consider the advisability of applying these 
measures to seed-borne diseases of sweet corn. Therefore, rather 
extensive field experiments with sweet corn were conducted in 1925, 
in which the same materials and the same methods that had given 
the best results with dent corn were used. 

Sweet corn and dent corn have many diseases in common, but in 
practically all instances the effects are more severe on sweet corn. 
The varieties of sweet corn of high quality in respect to sugar content 
are especially susceptible. This explains, in part, why it is so difficult 
to produce high-grade sweet-corn seed and why so much seed of 
inferior quality is used. It would be expected that any measures 
which would improve the quality of the seed would be more quicldy 
adopted by sweet-com growers than by dent-corn growers for the 
reason that the sweet-corn industry usually is more localized and, 
in general, is well organized. 

In dent corn two diseases stand out in importance as influencing 
field stands and yields. These are the Diplodia disease, caused by 
Diplodia zeae, and the Gibberella disease, caused by Gihlerella 
saubinetii. When seed lots badly infected with either or both of 
these organisms are planted, the resulting stands may vary from 
almost nothing to almost perfect stands, depending on the tempera¬ 
ture and the moisture of the soil. Both diseases are destructive in 
sweet corn also, and somewhat promising results have been obtained 


1 Received for publication May 4,1926; issued October, 1926. The investigations here reported were 
conducted in cooperation with the Bloomington Canning Co. and the Funk Brothers Seed Co., of Blooms 
ington, Ill., and the Wisconsin and Iowa Agricultural Experiment Stations. 

2 The writers wish to exnress their indebtedness to A. G. Johnson, of the Office of Cereal Crops and 
Diseases, Bureau of Plant'Industry, United States Department of Agriculture, for advice, helpful sug¬ 
gestions, and assistance in preparing the manuscript. 
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in controlling them by the use of certain seed-treatment materials. 
However, there is another disease destructive to sweet corn but 
unimportant to dent corn, on which only limited data have been 
obtained. This is bacterial blight, or Stewart^s disease, caused by 
Aphanoiacter stewartii. This disease is more severe in the central 
Corn Belt than north of it, and most severe on varieties which 
naturally contain much sugar. Indications are that it is more 
difficult to control than either Diplodia or Gibberella disease. 

EARLY EXPERIMENTS 

In 1922, hot vrater was tried to some extent as a means of con¬ 
trolling seed-borne sweet-corn diseases. There was available for 
experimentation a composite of Minnesota Early Crosby sweet-corn 
ears wffiich were highly infected with Cephalosporium acremonium, 
the cause of black-bundle disease. After being treated, the kernels 
were germinated in Petri dishes and examined with the compound 
microscope for the presence of the fungus. The data from this 
experiment are presented in Table 1. These data indicate that G. 
acremonium in sweet-corn seed may be killed by certain hot-water 
seed treatments. However, as it was considered unlikely that any 
hot-water method would be put into practical use, no further data 
were accumulated on this method. 

Table 1.— Effects of hot-ivater treatments on Minnesota Early Crosby sweet-corn 
seed naturally infected with Cephalosporium acremonium at Madison, TYis., 
in IBM 




Treatment 

Infec¬ 

tion 

Germi¬ 

nation 


Number of kernels 

Presoak 

Tem¬ 

perature 

Minutes 

Condition 

20. 

Hours 

26 

° C. 
63 

15 

Per cent 

0 

Per ceM 
100 

1 weak. 

20.-. 

26 

63 

30 

0 

95 

2 weak. 


26 

53 

60 

0 

90 

Several weak. 

20... 

26 

53 

90 

0 

95 

Po. 

20. 

26 

53 

120 

0 

90 

Do. 

20. 

22 

58 

10 

0 

100 

1 weak. 

20. 

22 

57 

15 

0 

100 

Several weak. 


22 

57 

20 

0 

95 

Do. 


22 

57 

30 

0 

85 

Do. 

20. 

22 

57 

60 

0 

45 

All weak. 

20. 

21 

63 

10 

0 

5 

Do. 


21 

63 

15 

0 

0 

Dead. 


21 

63 

20 

0 

0 

Do. 


21 

63 

30 

0 

0 

Do. 


21 

63 

60 

0 

0 

Do. 

20... 

1 

75 

15 

0 

20 

Very weak. 

20. 

1 

75 

30 

0 

0 

Dead. 


1 

75 

60 

0 

0 

Do. 


1 

75 

120 

0 

0 

Do. 

20 (untreated control). 




80 

95 


Table 2 presents the data obtained in a preliminary experiment 
with an organic mercury compoxmd, chlorophol, usedi in a number of 
different concentrations and for varying lengths of time. Sweet 
corn from the same lot of Minnesota Early Crosby as that used in 
the hot-water treatments was employed. 

The data presented in Table 2 indicate possibilities of controlling 
internal seed-borne infections of Cephalosporium acremonium with 
chlorophol liquid treatments. They also indicate that germination 
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is affected but little over a fairly wide range of concentrations and 
treatment periods. The results of this experiment suggested the 
advisability of trying this and similar compounds for the control of 
other internally seed-borne corn diseases. 

Table 2. —Effects of chlorophol seed treatments on Minnesota Early Crosby sweet- 
corn seed naturally infected with Cephalosporium acremoniwm. at Madison. Wis.. 
in 1922 


1 

Number of kernels 

1 

Strength 
of solu¬ 
tion 

Duration 
of treat¬ 
ment 

1 

Infection 

Germi¬ 

nation 

Condition of seedlings 

Strong 

Medium 

Weak 

! 

Dead 


Per cent 

Hours 

Per cent 

Per cent 

Per cent 

! 

Percent 

Per cent 

Per cent 

20. 

0.25 

1 

0 

95 





20. 

.5 

1 

0 

100 





20. 

1.0 

1 

10 

95 

. 



20.-. 

2.0 

1 

0 

90 




20.-. 

.25 

2 

0 

100 





20.-.. 

.5 

2 

0 

95 

.i 




20. 

1.0 

2 

0 

95 





20. 

2.0 

2 

0 

100 

60 

30 

ID 


20. 

.25 

3 

0 

90 

55 

15 

20 1 

10 

20. 

,5 

3 

0 

100 , 

30 

45 

25 j 

0 

20. 

1.0 

3 

0 

90 ' 

70 

10 

10 ! 

10 

20. 

2.0 

3 

0 

95 1 

65 

30 

0 

0 

20.-. 

.25 

5 

0 

95 

50 

40 

5 

5 

20. i 

.5 

5 

0 

95 

65 

20 

10 

5 

20.-.-. 

1.0 

5 

0 

100 

30 

55 

15 

0 

20. 

2.0 

5 

0 

100 

75 

25 

0 

0 

20 (untreated control) 



! 80 

95 








1 






Table 3 shows the percentages of Minnesota Early Crosby sweet- 
corn plants diseased with bacterial blight in a field experiment in 
which the seed was treated for various periods of time with 0.25 per 
cent solutions of chlorophol. The presence of the disease was 
determined by cutting up the plants when they were about half 
grown and noting whether or not they had the yellow vascular 
bundles with the characteristic bacterial ooze. 

The data in Table 3 show that treatment of Minnesota Early 
Crosby sweet corn with 0.25 per cent chlorophol solution during 
periods up to 24 hours does not decrease appreciably the amount of 
infection in the resulting plants. 


Table 3. —Percentages of bacterial blighted plants in Minnesota Early Crosby 
sweet corn grown from seed treated during different periods of time with chlorophol 
{0.25 per cent soak), at Bloomington, 111., in 1923 


Duration of treatment in hours 

Infected plants in— 

Series 1 

Series 2 

0...- 

6....... 

Number 

21 

20 

29 

30 
23 
27 

Per cent 
42 
40 
58 
60 
46 
54 

Number 

12 

12 

11 

14 

11 

19 

Per cent 
48 
48 
44 
56 
44 
76 

9...-.-. 

12... 

20...-. 

24...-.-. 



Table 4 presents data on field stand and presence of bacterial 
blight in two lots of Golden Bantam sweet corn the seed of which Was 
treated for various periods of time with 0.25 per cent solutions of 
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chlorophol. Lot 1 consisted of a selection of ears of Golden Bantam 
sweet corn grown in Connecticut. Lot 2 was a bulk sample bought 
on the open market in Illinois. The results were recorded when the 
corn was in the canning stage. As in the preceding experiment, 
the bacterial infections were determined by cutting open the stalks. 

The data in Table 4 agree with those in Table 3 in that no practical 
control of bacterial blight of sweet com was obtained by treating 
the seed in 0.25 per cent solutions of chlorophol. 

The d^a also show that the stands from these two lots of Golden 
Bantanv^eed were, with one exception, increased by the shorter 
treatments and injured by the longer treatments. 

Table 4. —Data on field stand and bacterial blight of 'plants groion from two lots of 
Golden Bantam sweet-corn seed treated with chlorophol {0.25 per cent soak), at 
Bloomington, III., in 1923 


Stand from untreated seed 

Duration 

of 

treatment 

Stand 

Bacterial blighted 
plants 

i 

Treated 

seed 

Increase over 

Un¬ 

treated 

Treated 

Nearest 

control 

Average 

of 

controls 

Seed Lot No, 1: 

Hours 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

82 per cent. 

6 

90 

9.8 

12.6 

No data. 

No data. 

83 per cent. 

8H 


4.8 

8.8 

No data. 

No data. 

69 per cent. 

12 

83 

20.3 

3.8 

19.0 

11.4 

83 per cent. 

20 

76 

-8.4 

-5.0 

29.0 

23.6 

83 per cent... 

24 j 

75 1 

-9.6 

-6.3 

14.9 

12.1 

Seed Lot No. 2: 







65 per cent. 

6 

80 

23.1 

24.2 

No data. 

No data. 

66 per cent. 

SH 

60 

-9.1 

-6.8 

No data. 

No data. 

55 per cent. 

12 

70 

27.3 

8.7 i 

No data. 

No data. 

65 per cent.... 

20 

50 

-23.1 

-22.4 

22.5 

16.7 

71 per cent... 

24 

53 

-25.4 

-17.7 

27.3 

16.1 


Average stand from untreated seed: Lot No. 1, 80; Lot No. 2, 64.4. 

EXPERIMENTS IN 1926 

The purpose of the experiments made in 1925 was to determine 
the value of such materials and methods as already had proved most 
beneficial in the control of certain dent-corn diseases. 

The results of the seed treatments with sweet corn and also with 
dent corn have been previously summarized.^ 

For the sweet-corn experiments, six materials were chosen. Three 
of these were used as water solutions, in which the sweet-corn kernels 
were immersed for an hour and a half, and three were used as dusts. 
Six lots of seed were used in which three varieties were represented. 
These were (1) Country Gentleman, nearly disease-free, Diplodia- 
infacted, and Gibberella-infected; (2) Canadian Evergreen, nearly 
disease-free and diseased; and (3) Golden Delicious, diseased.^ Of 
these six lots, two were good seed, being nearly disease-free. The 
diseased lots of Canadian Evergreen and Golden Delicious were of 
bulk seed obtained from representative growers, but which would 


* Keddy, C. S., Holbert, J. B., and Erwin ,A. T. sweet corn seed treatment in 1925. (Abstract) 
Phytopathology 16: 65. 1926. 

Holbert, J. B., Beddy, C. S., and Koehler, B. seed treatments for the control of certain 
DISEASES OF DENT CORN. (Abstract) Phytopathology 16: 82-83. 1926. 

* The seed of the first variety was supplied by the Bloomington (Blinois) Canning Company, and the 
seed of the other two varieties by G. N. Hofler. 
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be classij&ed by them as somewhat inferior. The two diseased lots of 
Country Gentleman were ear selections from the germinator and 
composited; so that one contained a high percentage of kernels 
infected with Diplodia zeae, one of the dry-rot organisms; and the 
other was highly infected with Giblerella saulinetii, one of the root- 
rot organisms. These two diseased composites germinated 95 and 
85 per cent, respectively. In macroscopic appearance, they differed 
very little from the nearly disease-free lot. However, they were 
more highly diseased than seed usually used for planting. Only in 
certain years would they be comparable to any considerable propor¬ 
tion of commercial seed. They were included in these experiments 
mainly for the purpose of determining the effect of seed treatments 
on the control of specific diseases. From the results of seed-treat¬ 
ment experiments on these six lots, it was thought that one could 
learn, to some extent, the effect of the treatments (1) on different 
varieties, (2) on nearly disease-free seed and on diseased bulk seed of 
certain varieties, and (3) on the control of specific seed-borne diseases. 
It would be expected that the results from bulk seed would corre¬ 
spond closely to what would be experienced under similar environ¬ 
mental conditions by practical growers if they adopted the same 
methods of treatment. 

The treatments in all the experiments were made at one place, 
at one time, and at one temperature (25° C.). All liquid treatments 
were for 1)4, hours in solutions of 0.4 per cent strength, except Corona 
620, which was of 0.25 per cent strength. The water-soak treatment 
also was for 1 ^ hours. The seed was dried immediately after treat¬ 
ing by spreading on screens in thin layers. Each dust was applied 
by shaking the seed and the dust vigorously in a closed vessel and 
sifting out the excess dust. 

The same planting method was used in Illinois and Iowa, but 10 
replications of each treatment and control were made in the Illinois 
experiment, while the space provided for only seven replications in 
the Iowa experiment. Each replication was a row consisting of 
25 hills planted exactly three kernels to the hill. Both MUs and 
rows were spaced 33^ feet apart. The six lots were placed side 
by side, making the experiment in Illinois 80 by 150 hills (more than 
3 acres in size), and in Iowa 56 by 150 hiUs. 


Table 5. —Mean field stands of sweet-corn vaHeties from untreated and treated seed^ 
in plots replicated 10 times in Illinois and 7 times in Iowa, 19B5 


Treatment 

Country Gentleman 

Canadian Evergreen 

Golden 

Delicious 

Nearly dis¬ 
ease-free 

Diplodia- 

infected 

Gibherella 

infected 

Nearly dis¬ 
ease-free 

Diseased 

Diseased 


Illi¬ 

nois 

Iowa 


Illi¬ 

nois 

Iowa 

Illi¬ 

nois 

Iowa 

Illi¬ 

nois 

Iowa 

Illi¬ 

nois 

Iowa 


P.ct, 

P.cf. 

F.cL P.ct. 

P.cf. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.d. 

P.ct. 

P.ct. 

No treatment. 

86.8 

92.4 

38.8 51.9 

54.7 

68.2 

85.4 

92.3 

78.5 

82.9 

52.0 

49.5 

Water soak (IH hours). 

85.4 

91.4 

40.2 58.0 

53.5 

72.0 

83.7 

86.1 

74.6 

84.0 

54.0 

46.3 

Semesan soak (IH hours).. 

86.0 

92.9 

62.4 64.1 

65.9 

72.9 

85.5 

91.1 

78.3 

89.9 

62.0 

63.5 

Semesan Junior (dust). 

85.6 

90.8 

61.4 59.2 

62.4 

74.6 

81.5 

88.0 

74.6 

84.4 

56.0 

82l8 

Uspulun soak (1)4 hours).. 

85.2 

91.5 

68.2 62.9 

64.4 

72.1 

87,9 

92,6 

81.4 

87.4 

63.0 

69.7 

Bayer Dust. 

86.8 

91.8 

62.0 68.3 

65.7 

72,7 

86.4 

91.5 

78.8 

87.2 

57.0 

58-7 

Corona 620 soak (1)4 hours). 

86.6 

89.3 

64.4 63.8! 

70.8 

; 72.0 

82.4 

86.1 

68.8 

i 76.5 

58.5 

65.1 

Corona 640 soak (dust). 

86.8 

90.6 

62.9 68.3 i 

61.3 

j 75.5 

85.4 

85.4 

79.4 

i 85.6 j 

! i 

m.0 

52.5 
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Field stand data were taken when the plants were 6 inches to 
1 foot liigh. The production data were recorded as total yields and 
yields of good corn. Total yields of plots were obtained by weighing 
the snapped ears without removing the husks. Yields of good corn 
were obtained, after the husks were removed, by weighing only the 
ears prime for canning purposes. Yield of good corn, therefore, 
is the weight of husked ears after discarding nubbins, rotten ears, 
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Fig. 1.—Graph showing mean field stands of sweet corn from untreated and treated seed, in 
plots replicated 10 times in Illinois and .7 times in Iowa, 1925. (Data in Table 5) 


and ears which had not reached or had passed the prime stage. 
The field stand data are presented in Table 5 and Figure 1. 

The data in Table 5 and Figure 1 show that the stands resulting 
from good (nearly disease-free) seed are affected but little by the 
treatments used in the experiments. The stands from diseased seed, 
with some exceptions in one lot, are increased materially. The per¬ 
centage of increase^ in each case probably depended on such factors 
as the particular diseases present in the diseased lot, the percentage 
of kernels infected, the conditions under which germination and 
early growth took place, and others. It is known in a general way 
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from previous experiments that Diplodia-infected and Gibberella- 
infected dent-corn seed give poorer stands when planted in cold soil 
than in warm, and in reasonably wet soil than in dry. In line with 
this, the data show poorer stands in the Illinois than in the Iowa 
experimental plots. The plots in Illinois were planted May 18 and 
19 in cool, dry soil, while those in Iowa were planted May 28 in 
somewhat warmer, dry soil. It is to be expected that if a treatment 
controlled a certain seed-borne disease of this type, without injury 
to the seed, the greatest differences between stands in treated and 
untreated plots would occur when plantings were made under con¬ 
ditions most favorable for the disease. As conditions in Illinois at 
planting time were more favorable to Diplodia dry-rot and Gibberella 
root-rot diseases than were those in Iowa, greater differences in field 
stands from treated and untreated infected seed were recorded in the 
Illinois than in the Iowa experiments. 

Diplodia seedling blight as compared with Gibberella seedling 
blight seems somewhat more amenable to control by certain seed 
treatments. This explains to some extent why there are greater 
differences in stands from treated and untreated Diplodia-infected 
seed than from treated and untreated Gibberella-infected seed. The 
mean field stands from treated Diplodia-infected seed were 63.8 per 
cent greater at Illinois and 24.1 per cent greater at Iowa than those 
of the respective controls, while the corresponding differences between 
treated and untreated Gibberella-infected seed were only 19.0 and 
7.5 per cent, respectively. 

Table 6. —Total yields and yields of prime canning sweet corn in pounds per acre 
at canning stage from seed untreated^ seed soaked in water for l)4i hours^ seed 
treated with Semesan Jr., Bayer, and Corona 640 S dusts, and seed treated by 
soaking for hours in 0.5 per cent solutions of Semesan and Uspulun and 
0.25 per cent solutions of Corona 620. Grown near Bloomington, 111., and at 
Ames, Iowa, in 1925 


Variety 

Seed condition 

Num¬ 
ber of 
repli¬ 
ca¬ 
tions 

No treatment 

Water soak 

Semesan 

(soak) 

Semesan Jr. 
(dust) 

Total 

Good 

Total 

Good 

Total 

Good 

Total 

Good 

Illinois experi¬ 
ments: 









3,963 


C oun tr y 
Gentle- 

Nearly disease-free- 

10 

3,740 

3,600 

3,800 

3,628 

3,864 

3,728 

3,827 

Do. 

Diplodia-infected. 

10 

2,390 

2,232 

2,270 

2,118 

3,535 

3,326 

3,411 

2,892 

3,229 

Do. 

Gibberella-infected ® - - 

10 

2,360 

2,231 

2,460 

2,316 

2,948 

2,800 

2,757 

Canadian 
Evergreen. 
Do. 

Nearly disease-free. -.. 

10 

3,710 

3,454 

3,666 

3,397 

3,963 

3,724 

4,011 

3,724 

Diseased.’ 

10 

3,059 

2,895 

3,023 

2,454 

2,483 

3,178 

3,009 

2,812 

2,653 

Golden De¬ 
licious. 

Iowa experi¬ 
ments: 

! Diseased®..' 

i 

10 

i 

2,390 

2,160 

2,188 

2,692 

2,473 

2,572 

i 

2,359 

Country 

Gentle¬ 

Nearly disease-free- 

7 

4,592 

3,719 

4,450 

3,455 

4,734 

i 3,658 i 

4,511 1 

j 

3,658 

man. 

Do. 

Diplodia-infected. 

7 

2,540 

1,605 

3,962 

3,028 

2,011 

3,150 ! 

2,215 

2,824 

2,052 

Do. 

Gibberella-infected 

! 7 

5,141 

5,940 

5,304 

4,328 

4,495 

4,917 

5,432 

4,023 

6,344 

4,287 

Canadian 

Evergreen, 

Do 

Nearly disease-free.... 

7 

4,690 

5,235 

4,495 

4,926 

3,985 

Diseased- ____ 

7 

6,035 

5,161 

5,486 

4,816 

6,157 

5,263 

6,157 

5,263 

Golden De¬ 
licious. 

Diseased «. 

7 

i 

2,967 

2,520 

2,479 

2,134. 

3,495 

3,170 

3,668 

3,069 


a Bayer compound 0.4 per cent (soak) wa.s used instead of Corona 620. 
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Table 6. —Total yields atid yields of prime canning sweet corn in pounds per acre 
at canning stage from seed untreated^ seed soaked in water for, 1 K hours, seed 
treated with Bemesan Jr., Bayer, and Corona 640 S dusts, and seed treated hy 
soaking for hours in 0.5 per cent solutions of Bemesan and XJspulun and 
0.25 per cent solutions of Corona 620. Grown near Bloomington, III., and at 
A^nes, Iowa, in 1925 —Continued 


Variety 

Seed condition 

Num¬ 
ber of 
repli¬ 
ca¬ 
tions 

Uspulun 

(soak) 

Bayer (dust) 

Corona 620 
(soak) 

Corona 640 

S (dust) 

Total 

Good 

Total 

Good 

Total 

Good 

Total 

Good 

Illinois experi¬ 
ments: 
Country 

Nearly disease-free_ 

10 

3,670 

3,557 

3,626 

3,444 

3,530 

3,401 

3,608 

3,472 

Gentle¬ 

man. 

Do. 

Diplodia-infected. 

10 

3,626 

3,439 

3,063 

2,900 

3,151 

2,986 

3,070 

2,913 

Do. 

Gibherella-infected 

10 

2,956 

2,785 

2,807 

2,658 

2,690 

2, 544 

2,511 

2,316 

Canadian 

Nearly disease-free_ 

10 

3,847 

3,706 

3,525 

3,297 

3,652 

3,454 

3,785 

3,397 

Evergreen. 
Do. 

Diseased.. 

10 

3,080 

3,074 

2,952 

2,886 

3,022 

2,824 

2,690 

2,511 

3,057 

2,852 

Golden De¬ 

Diseased « . 

10 

2,493 

2,274 

2,534 

2,260 

2,376 

2,188 

licious. 
Iowa experi¬ 
ments: 
Country 

Nearly disease-free_ 

7 

4,308 

3,272 

4,592 

3,455 

4,088 

3,374 

4, 267 

3,456 

Gentle¬ 

man. 

Do. 

Diplodia-infected. 

7 

3,332 

2,093 

3,515 

2,560 

3,028 

2,032 

3,150 

2,194 

Do. 

Gibherella-infected “.. 

7 

4,857 

3,799 

5,121 

4,267 

5,161 

4,145 

5,222 

4,470 

4,026 

Canadian 

Nearly disease-free_ 

7 

5,865 

4,887 

5,432 

4,651 

5,239 

4,377 

4,870 

Evergreen. 
Do . 

Diseased.. 

7 

5,832 

3,902 

5,181 

3,496 

6,015 
3,394 

5,283 
3,068 

5,364 

3,983 

4,531 
3,414 

5,670 

4,917 

2,825 

Golden De¬ 

Diseased <*. 

7 

3, 211 

licious, 






“ Bayer compound 0.4 per cent (soak) was used instead of Corona 620. 
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Fig- 2.—Graph showing.percentage increases and decreases in yields from various lots of nearly 
disease-free and diseased sweet-corn seed, following certain seed treatments at Bloomington, 
Ill., and Ames, Iowa, 1925 


The yield data from the Illinois and Iowa plots are presented in 
1 ^ Table 6 and summarized in Table 7 and Figure 2. These data show 
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that yields from nearly disease-free seed are not significantly changed 
by certain seed treatments, and that some lots of diseased sweet-corn 
seed are benefited more than others. The most noticeable effects 
produced by the treatments were on Diplodia-infected and Gibber- 
clla-infected seed. 


Table 7. —Summary of data in Table 6 showing 'percentage incremes (+) or decreases 
( —) in yields of sweet corn prime for canning {odds by “Student's'’ Method) 




Country Gentleman 


Canadian Evergreen 



location 

Nearly 

disease- 

free 

Diplodia- 

infected 

Gibber¬ 

ella- 

infected 

Nearly 

disease- 

free 

i 

Diseased | Diseased 

All lots 

Water soak: 

Per 

cent 

Odds 

Per 

cent 

Odds 

Per 

cent 

Odds 

Per 

cent 

Odds 

Per 

cent 

1 Per 
Odds cent 

Odds 
1 -.1 

Per 

cent 

Odds 

niinois. 

+0.8 

1:1 

-5.1 

2:1 

3.8 

2:1 

-1.7 

1:1 

-14.2 

18:1; 1.3 

—2 7 

Iowa... 

-7.1 

3:1 

25.3 

9:1 

9.2 

8:1 

-4.2 

3:1 

-6.7 

3:1:-15.3 

6:1 

-1.9 

4:1 

Semesan, 0.4 per cent 
(soak): 

niinois. 

3.6 

2:1 

49.0 

1,427:1 

25.5 

132:1 

7.8 

4:1 

3.9 

1 

2:l! 14.5 

4:1 

15.0 

Iowa. 

-1.6 

1:1 

38.0 

22:1 

1.5 

1:1 

-4.2 

2:1 

2.0 

2:1| 25.8 

9:1 

5.4 

7:1 

Semesan Jr. (dust): 












- niinois. 

6.3 

3:1 

44.7 

344:1 

23.6 

20:1 

7.8 

3:1 

-8.4 

7:1: 9.2 

4:1 

11.9 


Iowa. 

-1.6 

2:1 

27.9 

31:1 

8.2 

6:1 

-15.0 

5:1 

2.0 


8:1 

3,0 

3:1 

XJspulun, 0.4 per cent 
(soak): 

niinois. 

-1.2 

1:1 

54.1 

908:1 

24.8 

10:1 

7.3 

5:1 

2.0 

2:1| 21.8 
l:li 33.6 

29:1 

16.6 


Iowa. 

-12.0 

10:1 

30.4 

14:1 

-4.1 

3:1 

4.2 

2:1 

0.4 

l:l! 38.7 

12:1 

-4.S 

5:1 

Bayer Dust: 










1 




Illinois. 

-4.3 

1:1 

■29.9 

19:1 

19.1 

10:1 

-4^ 

2:1 

-2.5 

1:1! 6.S 

1:1 

5.C 


Iowa. 

-7.1 

4:1 

59.5 

79:1 

7.7 

5:1 

-0.8 

1:1 

2.4 

2:1| 21.7 

7:1 

7.5 

13:1 

Corona 620, 0.25 per 
cent (soak): 








i 


1 

! 

18:5| 4.6 




Illinois. 

-5.5 

2:1 

33.8 

50:1 

14.0 

! 5:1 

0.0 


-13.3 

1:1 

3.5 


Iowa. 

I -9.3! 

5:1 

26.6 

! 8:1 

4.6 

i 4:1 

-6.7 

3:1 

-12.2 

22:1| 35.5 

26:1 

1.0 


Corona 640 S. (dust): 

i 

i 











niinois. 

-3.6| 

‘ 2:1 

30.5 

11:1 

3.8 

1:1 

-1.7 

1:1 

-1.5 

l:li 1.3 

1:1 

3.4 


Iowa. 

-^•^1 

11:1 

36.7 

: 22:1 

12.8 

11:1 

-14.2 

8:1 

-4. 7 

3:li 12.1 

1 

4:1 

1.1 




Fig. 3.-— Graph showing yields of Country Gentleman sweet corn prime for canning, from nearly 
disease-free seed and from treated and untreated Diplodia-infected and Gibberella-infected seed 
at Bloomington, HI., 1925 

Figures 3 and 4, which are graphical presentations of data from 
Table 6, show acre yields from three composites of Country Gentle¬ 
man sweet-corn seed of the same strain. Figure 3 presents the 
results from the Illinois plots which were on land that might be 
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considered uniform, not only for the plots in a given lot but also 
for the different lots. The Iowa plots were uniform for the plots in 
each lot, but not uniform for the different lots. Hence, Figure 3 
represents the yields of lots grown on uniform soil where differences 
are largely due to the presence or absence of disease in the lots and 
to the effectiveness of the seed treatments. In like comparisons of 
yields from the Iowa plots, shown in Figure 4, the differences 
between the lots are due largely to differences in soil fertility. 

The purpose of Figure 3 is to present the available data pertain¬ 
ing to relative yields from untreated, nearly disease-free seed and 
from untreated and treated diseased seed of the same strain. There¬ 
fore, this graph indicates the value of good seed as compared with 
that of certain types of diseased seed, whether untreated or treated. 
Figure 3 shows that the untreated Diplodia-infected seed yielded 38 per 
cent less than the untreated nearly disease-free seed, but the best 
yield from treated Diplodia-infected seed was only 4.5 per cent less 
than that from the untreated nearly disease-free seed. The value of 



Fig. 4.—Graph showing yields of Country Gentleman sweet corn prime for canning, from nearly 
disease-free seed and from treated and untreated Diplodia-infected and Gibberella-infected seed 
at Ames, Iowa, 1925 

seed treatment in this case was relatively large because the diseased 
seed lot had but few dead kernels and, excluding the dry-rot disease, 
was as free from certain types of weakness as was the nearly disease- 
free lot. 

Figure 3 shows that untreated Gibberella-infected seed also yielded 
38 per cent less than the untreated nearly disease-free seed, but 
the best yield from treated Gibberella-infected seed was still 22.2 
per cent less than the yield from nearly disease-free seed. The 
value in this case was less, not necessarily because the Gibberella 
disease is more diflBcult to control than the Diplodia disease, but 
probably because the seed lot contained 15 per cent of dead kernels, 
upon which seed treatments have no practical effect. 

DISCUSSION 

The results of experiments herein reported show that treatment 
of sweet-corn seed with any of several different organic mercury 
compounds largely prevents the seedling blights caused by Diplodia 
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zeae and Gibherella saubinetii and does not injure the seed. The 
two diseases produced by these organisms usually are the most 
important of the fungous diseases which cause unsatisfactory field 
stands. These diseases are widespread and are found to some 
extent in most sweet-corn seed. In certain years, sweet-corn seed 
generally is highly infected. In other years, severe infection of 
seed occurs only in some sections. Therefore, at least at times, 
treating the seed would be advantageous in the economic production 
of sweet corn. 

Many may follow the practice of treating svreet-corn seed without 
knowing whether or not either of these two diseases is present. 
Especially for them, it may be well to point out more definitely the 
limits of sweet-corn seed treatments in order to prevent expectation 
of results beyond those indicated by the data. 

Seed treatments can not replace satisfactorily any of the methods 
now used in obtaining good sweet corn, and should not interfere in 
any way with any line of sweet-corn improvement. As shown by 
the data, the treatments do not put life into dead seeds, and it is 
not expected that they will materially affect those weaknesses of 
the seed caused by immaturity, early fall frosts, and exposures to 
low temperatures when the moisture content of the seed is high. 

Seed treatments of sweet corn will be of most value in those years 
when it is practically impossible to obtain seed that is not somewhat 
heavily infected with Diplodia zeae and QMerella saubinetii. 


SUMMARY 

No practical control of bacterial blight of sweet corn was obtained 
by treating the seed. 

When nearly disease-free seed was used, the field stands and yields 
were affected but little by seed treatments with organic mercury 
compounds. 

When seed diseased with Diplodia zeae or QibhereUa saubinetii 
was used, the field stands and yields nearly always were materially 
increased by seed treatments with organic mercury compounds. 

The yields from nearly disease-free seed were slightly higher than 
those from treated Diplodia-infected seed, and considerably higher 
than those from treated Gibberella-infected seed. 

When only diseased seed is available for planting, certain seed 
treatments will have distinct value. Such seed treatments do not 
injure the seed. 




CORRELATIONS OF SEED, FIBER, AND BOLL 
CHARACTERS IN COTTON^ 


By Thomas H. Kearney 

Senior Physiologist in Charge, Alkali and Drought Resistant Crops, Bureau of Plant 
Industry, United States Department of Agricidtiire 

INTRODUCTION 

The purpose of this contribution is to bring together in convenient 
form information in regard to the correlations existing among the 
characters of the bolls, seeds, and fiber of cotton. Numerous deter¬ 
minations have been made at the United States field station, Sacaton, 
Ariz., chiefly on Pima and other varieties of the Egyptian type, but 
also- on a second generation population of a hybrid between upland 
and Egyptian cottons. The data obtained in Arizona are supple¬ 
mented by reference to the published data of other investigators 
who worked chiefly with upland cottons. 

With the exception of the above-mentioned hybrid, the material 
on which the correlations were determined was more or less homo¬ 
geneous, hence not suitable for revealing such linkages as may exist 
among the characters considered. It was sought to ascertain the 
physical and physiological interrelations of characters that are of 
practical importance in cotton breeding, but the data thus obtained 
should be useful for comparison in future genetic studies. 

. All correlations were determined by the product-moment method, 

CORRELATIONS DETERMINED ON INDIVIDUAL BOLLS OF PIMA 

COTTON 

The population comprised 50 plants scattered through two plots of 
the commercial stock of Pima cotton at Sacaton in 1925. Ten char¬ 
acters were determined on from two to five bolls on each plant, only 3- 
lock bolls being used. Boll length, boll diameter, and boll index were 
determined on 250 bolls and the other characters on 224 bolls. Each 
boll was tagged when measured. The external dimensions were 
measured on bolls judged to be fully developed although still closed. 
The length and the maximum diameter of the boll were measured 
with specially designed calipers (figs. 1 and 2). To check the first 
measurements, many of the bolls were measured again two weeks 
later, but as the second series was incomplete, the first measure-' 
ment was used in plotting the correlations, except in 14 cases where the 
second measurement showed a noteworthy increase in one or both 
dimensions. When these bolls had opened naturally the dry seed 
cotton was gathered and was weighed on a chemical balance. The 
content of each boll was then ginned separately and the weight of 
the seeds was determined. The weight of the fiber was determined 
by subtraction.- 


1 Received for publication July 7,1926; issued October, 1926. 

2 The determination of all characters were made by George J. Harrison, Robert H. Peebles, and Dow 
D. Porter. 
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All correlations were plotted on the basis of determinations on the 
same individual bolls; hence the number was in each case 224, except 
in the correlations of boll 
length with boll diameter, 
boll length with boll index, 
and boll diameter with boll 
length, in which the number 
was 250. Computations 
by the product-moment 
method were made of all 
possible correlations of the 
nine characters seed cotton 
weight per boll, fiber weight 
per boll, lint percentage, 
lint index, riumber of seeds 
per boll, mean weight of 
the individual seeds, boll 
length, boll diameter, and 
boll index. The coefiicients 
of correlation are given in 
Table 1. 

Seed-cotton weight per 
boll shows, as would be 
expected, very high posi¬ 
tive correlations with fiber 
weight per boll and number 
of seeds per boll. It is 
also positively and very 
significantly but not very 
highly correlated with the 
external length and diam¬ 
eter of the boll, hence it 
may be concluded that 
these external measure¬ 
ments of the fully de¬ 
veloped but unopen boll 
give only a fair indication 
of the \veight of its matured 
contents. Still lower are 
the positive correlations of 
seed cotton weight with lint 
percentage and lint index, yet both are significant 
(r/E 5.8 and 9.0). The occurrence of positive 
correlations in these cases probably signifies that 
favorable conditions, conducive to the develop¬ 
ment of heavy bolls, are also conducive to a greater 
increase in the weight of fiber than of seed. 

Fiber weight per boll is similar to seed-cotton weight in its correla¬ 
tions with other characters. The high positive correlation of fiber 
weight with number of seeds per boll shows the importance of the 
degree of fertilization as a factor in the yield of] cotton {6; 


iliper ( _ , 

W. G. Wells) for measuring 
the length of cotton bolls 
without detachingthem from 
the plant. The fixed arm is 
placed so that the base of the 
boll rests u^n its thin edge 
and the adjustable plate is 
moved along the vertical bar 
(scaled in millimeters) until 
it rests lightly upon the tip 
of the boll. The screw is 
then tightened and the read¬ 
ing is taken 


PiG.2—Caliper (designed by 
E. C. Chilcott and L. J. 
Briggs) for measuring the 
diameter of cotton bolls 
without removing them 
from the plant. The angle 
formed by the diverging 
sides of the loop and the 
calibration of the intervals 
(millimeters) marked on 
them are.so calculated that 
when the loop is placed 
horizontally over the boll 
at its point of greatest 
diameter and is pushed for¬ 
ward (from the handle) as 
far as possible without com¬ 
pressing the boll, the max- • 
imum diameter of the boll 
is indicated by the figure 
on the scale at the point 
with which the side of the 
boll is in contact 
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7, 'p. As would be expected, fiber weight is more closely 

correlated than seed-cotton weight with lint percentage and lint 
index. 


Table 1.— Correlations of seed, fiber, and boll characters determined on 221^ or 250 
indimdual bolls from 50 plants of Pima cotton, Sacaton, 1925 



Seed 
cotton 
weight 
per boll 

! 

Fiber : Lint 
weight ipercent- 
per boll! age 

Lint 

index 

Number 
of seeds 
per boll 

Mean 
weight 
of in¬ 
dividual 
seeds 

Boll 

length 

BoU 

dia¬ 

meter 

Boll 

index 

Seed cotton weight 
per boll. 


0.858± 

0.244=k 

0.352± 

0.757d= 

0.105d= 

0.418± 

0.546± 

0.008=b 


.012 

.042 

.039 

.019 

.045 

.037 

.032 

.045 

Fiber weight per bolL 

0. So8± 

.602d: 

.542± 

.700± 

I04dr 

.415=1: 

.445:1= 

.093± 

Lint percentage «_ 

Lint index .. 

.012 

.244± 

.602± 

.029 

.032 

.540± 

.023 

.284=1: 

.045 

4Z2± 

.037 

.179=1= 

.036 

.045 

-.142=b 

.042 
. 352± 

.029 

.542db 

.540± 

.032 

.032 

.041 
-. 073± 

.036 

.379± 

.044 

.237db 

.045 

i .228± 

.044 

100=fc: 


.039 

.032 


.045 

.038 

.042 

.042 

.045 

Number of seeds per 
bolL. 

! 

. 757±i 

.700± 

.284± 

~.073d= 


-.433± 

.SlOdb 

.380± 

-.041=1= 


1 .019 

.023 

.041 

.045 


.036 

.041 

.038 

.045 

Mean weight of indi¬ 
vidual seeds < - 

1 . lOSrfc 

.045 

-. 104± 
.045 


. 379rfci 
.038 

—. 433db 


.059=fc 

.045 

.189=fc 

.043 

.076=b 

.045 


.036 

.036 1 


Boll length 

: . 418± 

.037 

, .415± 

1 .037 

. 179dbi 
.044 

.237± 

.042 

.310db; 
.041 ! 

.059i: 


.385± 

—.680=h 


.045 


.038 i 

.023 

Bnll diameter 

.546± 

i .445± 

.074db 

.228=t: 

.380± 

.189=1= 

.043 

.385d=; 


.325:fc 


; .032 

' .036 

,045 

.042 

.038 

.038 


.040 

Boll index ^ _ 

. 008J- . 093-ir 

142i: 

—. 100=fc 

041± 

.076=b 

-.680=h 

.325± 



.045 

.045 

.044 

1 

.045 

.045 

.045 

.023 

.040 , 

_a_ 


« Weight of fiber as a percentage of the weight of seed cotton. 

Weight of fiber X 100 divided by the number of seeds, 
e Weight of seeds divided by number of seeds. 

^ Maximum diameter as a percentage of the length. 


Lint percentage shows a positive and very significant but far from 
perfect correlation with lint index, and we may conclude that the 
weight of the seeds is almost if not quite as important as the 
abundance of the fiber in determining the lint percentage (f, 5). 
The occurrence of a positive correlation (r 0.284) between lint per¬ 
centage and number of seeds per boll, with a coefficient seven times 
its probable error, might be regarded as a consequence of the positive 
correlation of similar magnitude between lint percentage and weight 
of seed cotton per boll, the latter character in turn being highly 
positively correlated with number of seeds per boll. The partial 
correlation of lint percentage with number of seeds constant for 
weight of seed cotton gives, however, a coefficient that is still signifi¬ 
cant (r 0.156 ±0.044), indicating that there is some association of 
high lint percentage with a large number of seeds, independent of 
the other correlations mentioned and in spite of the fact that in this 
population w^eight of fiber per seed (lint index) is not significantly 
correlated with number of seeds. 


3 Reference is made by number (italic) to “Literature cited,” p. 796. 

^ Counts of the number of ovules in 3-ceIled ovaries of Pima cotton, made at Sacaton in 1921 on 250 ovaries, 
showed a range of from 15 to 24, and a mean of 20.6db0.09 (7, p, 51). Since determinations at two localities 
in 1922 gave means of 20.S and 21.5, it may be assumed that the true mean number of ovules in S-ceUed 
ovaries of this variety is 21, The 224 three-lock bolls of Pima cotton in 1925 showed a range of from 8 to 23 
se^s per boll, the mean having been 17.6i:0.13. This mean indicates that 84 per cent of the ovules had 
been fertilized under the exceptionally favorable conditions for cotton pollination prevailing at Sacaton. 
As would be expected, there was greater variation in the number of seeds than in the number of ovules, 
the standard deviations havii^ been, for seeds in 1925, 2.853db0.(®l and for ovules in 1921, 2.180±0.086* 
The difference amounts to 31 per cent and is six times its probable error. 
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Lint percentage shows a fairly high and very significant negative 
correlation with mean weight of the seeds. The lint percentage is 
not significantly correlated with boll diameter, but vrith boll length 
it shows a slight but probably significant positive correlation (r/E 4.1) 
which doubtless accounts for the low negative correlation of lint 
percentage wuth boll index (r/E 3.2). 

Lint index, unlike the lint percentage, is not significantly corre¬ 
lated in this material with number of seeds per boll, hence it may be 
concluded that the weight of the fiber borne by the individual seed 
is not affected by the number of seeds in the boll. On the other 
hand, there is a fairly high and very significant positive correlation 
between lint index and mean weight of the individual seeds.^ There 
are significant positive correlations of nearly equal magnitude be¬ 
tween lint index and the external length and diameter of the boll 
(r/E 5.6 and 5.4). In other words, the larger bolls tend to have a 
greater abundance of fiber on the individual seeds, but why this 
relation obtains is not clear. Unless there is a linkage involved, it 
probably expresses merely a like effect of environmental conditions 
on characters that are entirely independent. 

Number of seeds per boll, in addition to the correlations already 
mentioned, shows a fairly high and very significant negative correla¬ 
tion with mean weight of the individual seeds, and is positively and 
very significantly correlated with boll length and boll diameter 
(r/E r.6 and 10.0). 

Boll length is positively and very significantly correlated with boll 
diameter; in other words, large bons tend to be large in both dimen¬ 
sions and vice versa. A higher positive correlation than 0.385 might 
have been expected. 

Boll index, an expression of the shape of the boll, shows no correla¬ 
tion with other characters except the expected ones with its com¬ 
ponents boll length and diameter, the unimportance of the low nega¬ 
tive correlation with lint percentage having been pointed out. 

It was thought possible that the external length and diameter of the 
boll w'hen integrated would show a higher positive correlation with 
weight of the contents (seed-cotton weight) than either external 
measurement taken separately. The correlations of seed-cotton 
weight with boll length plus the diameter and boll length plus twice 
the diameter, therefore were computed, and the values found for r 
were 0.518 ±0.033 and 0.582 ±0.030. Neither coefficient diffem sig- 
nfficantly from that of the correlation seed-cotton weight with bml 
diameter (r 0.546 ±0.032). 

The correlation between lint index and grade of seed fuzziness also 
was computed, and gave a value for r of only 0.042 ±0.045.® Very 
smooth seeded varieties of cotton tend to have sparse lint and the 
same appeam to be true in general of such exceptionally smooth 
seeded individuals of the Pima variety as grade only 1 or 2 in seed 


»The reaJity erf this correlation is shown by the fact that when both fiber weight per boll and number of 
seeds per boll aie held constant, the coefficient of partial correlation is 0.244=fc0.042 (r/E 5.8), which is 
iMJt^gnifieantly lower than the coefficient of the original correlation of lint index with mean weight of the 
seeds (r a379=b0.Qi8). 

TMs oorrelatioTi was determined in Arizona also on ISO F 3 plants of an Upland-Pima hybrid in 1919, 
on 178 p^nts of Pima cotton, in 1922, and on 36 plai^ of SaheHaridis cotton in 1922. In no case was the 
coeffic^nt significant. 
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fuzziness/ But the 50 plants of the commercial stock of Pima which 
furnished the material for this correlation all had more or less fuzzy 
seeds (grades 4 to 9), and within a population of a single variety hav¬ 
ing this range of fuzziness there appears to be no relation between 
the abundance of short fibers (fuzz) and of long fibers (lint). 

COMPARISON OF CORRELATIONS BASED ON INDIVIDUAL BOLLS 
AND ON THE MEANS OF SAMPLES CONSISTING OF NUMEROUS 
BOLLS 

Correlations of eight pairs of characters were determined in 1925 
on two lots of bolls of the commercial stock of Pima cotton: (A) 224 
individual bolls borne on 50 plants growing in the same field at Saca- 
ton and (B) 25 samples from as many fields in the Salt River Valley, 
each sample comprising 100 boUs, each boll from a different indi¬ 
vidual plant. For the 224 bolls (series A) as mentioned in the preced¬ 
ing section, each character was determined separately on each 
individual boll. For the 25 samples (series B) the mean seed 
cotton weight, fiber weight, and number of seeds per boll were 
obtained by dividing the total weight or number in the sample by 
100. Lint percentage was obtained by dividing the total fiber 
weight by the total seed cotton weight of the sample. Lint index 
was obtained by multiplying the total fiber weight of the sample 
by 100 and dividing by the total number of seeds. Mean weight 
of the individual seeds is the total weight of see'ds in the sample 
divided by the total number of seeds. 

Table 2 gives, for both populations, the statistical constants of the 
characters involved in the correlations. The coefficients of correlation 
are given in Table 3. 

Table 2. —Statistical constants of the characters involved in correlations determined 
on (A) 2^4 individual bolls of Pima cotton and on {B) 2o samples of 100 bolls 
each of Pima coUon^ 


Character 


S€ed cotton weight per boll (grams). 

Fiber weight per boU (grams). 

Number of seeds per boll. 

Mean weight of individual seeds (grams) 
Lint index (grams). 


! Standard 

Mean ! deviation of 
I the mean 


fA 

3.15 

d=0.023 

a504 

d=aoi6 

1 b 

3.36 

=h 

.054 

.397 

± 

.038 

fA 

.87 


.008 

.178 

d= 

.006 

1 b 

.93 

± 

.016 

.117 

± 

.011 

/a: 

17.6 

± 

.13 

2.853 

± 

,091 

IB: 

17.9 

=fc 

.22 

1.648 


.016 

fA 

,129± 

.0006 

,.0143± 

.0005 

\B 

. 135± 

.0008 

.0062=b 

.0006 

fA 

194 


.029 

.635 

d= 

.020 

\B 

5.18 

± 

.035 

.258 

d= 

.024 


« The standard deviations and probable errors of the means of series B have been corrected for the num¬ 
ber (25). 

^ A case of linkage between naked seeds and sparse lint and vice versa is reported by Thadani (IS), 
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Table 3. —Coefficients of correlation in two series of samples of Pima cotton^ 1925^ 
these being (j4) 224 individual bolls (B) 25 samples of 100 bolls each 


Character pair 

Coefficient of 
correlation 

Character pair 

Coefficient of 
correlation 

Seed-cotton weight per boll and 

lint index___ 

Seed-cotton weight per boll and 

number seeds per boll.. 

Fiber weight per boll and lint 

(A 0.352±0.039 
\B . 590±: . 088 
/A .757d: .019 
\B . 934± . 017 
/A . 542=b . 032 
\B . 721d- . 065 
/A .700±.023 
\B . m± . 030 

Fiber weight per boll and mean 

weight individual seeds. 

Lint index and number of seeds 

per boll.. 

Lint index and mean weight in¬ 
dividual seeds__— 

/A 104d= . 045 
\B . 435± . 109 
fA-.073d: .045 
\B . 436d= . 109 
fA .379d=.038 
\B . 357± . 117 
/A -.433=b .036 
\B . 396± . 114 

Fiber weight per boll and number 
of seeds per boll-- 

1 Number of seeds per boll and 

1 mean weight individual seeds. _. 


The standard deviation of every character (Table 2) was greater 
in Series A (224 individual bolls) than in Series B (25 samples of 100 
bolls each) as would be expected since in the latter series the units 
are averages. 

The correlations of seed cotton weight and of fiber weight per boll 
with lint index and with number of seeds per boll are in the same 
direction in both series, but in every case the correlation appears to 
be closer in Series B. For the correlation of lint index (mean weight 
of fiber per seed) with mean weight of the individual seed, the coefid- 
cients for the two series are nearly identical. The correlations of 
fiber weight per boll with mean weight of the individual seeds, lint 
index with number of seeds per boll, and number of seeds per boll 
with mean weight of the individual seeds gave coefficients in the two 
series which were of opposite sign and differed by an amount not less 
than 0.5. 

As to the significance of the differences between the coefl&cients of 
correlation of the two series given in Table 3, it should be noted that 
the probable errors of the coefficients of correlation were computed 

by the usual formula The number of samples i 

series B was only 25, and it has been shown recently by 
Fisher (S) that the probable errors of coefficients of correlation 
based on small numbers are too low when computed by this formula. 
Fisher^s method of ^transformed correlations’^ (3, p. 161-169) there¬ 
fore has been used in determining the significance of the differences 
between the coefficients of series A and B. The differences as thus 
computed are shown in Table 4. 


m 


Table 4. —Significance of differences between the coefficients of correlation obtained 
on the two series of samplesj A and B, as determined by the method of ^‘transformed 
correlations 


Correlation 

Difference 

between 

transformed 

correlations 

(z) 

D/E 

Seed-oQttoa weight per boll with lint index.. . 

0.31±a223 
.70± .223 
.30± .223 
.51± .223 
.57± .223 
.54d= .223 
.03± .223 
.88± .223 

1.4 

3.1 

1.3 

2.3 
2.6 

2.4 
0.1 
3.9 

Seed-cotton weight per boll with number seeds per boH. 

Fiber weight per boll with lint index__ 

Fiber weight per boll with number seeds per boh..- . - 

Fiber weight per boh with mean weight of seeds__ 

Lint index with number seeds per boh. 

Lint index with mean weight of seeds. 

t^nmber seeds per boh with mean weight of scMads_ 
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Application of this method of transformed correlations brought 
out dijfferences between the correlations in the two series of samples 
that were probably significant in only two cases, seed cotton weight 
with number of seeds per boll (D/E 3.1) and number of seeds per boll 
with mean weight of the individual seeds (D/E 3.9). The latter 
case is particularly interesting since the coefficients were of opposite 
sign and of nearly equal magnitude. In series A the coefficient of 
the partial correlation of number of seeds per boll with mean weight 
of the individual seeds constant for fiber weight per boll (r — 0.505 ± 
0.034) does not differ significantly from that of the original correla¬ 
tion (r —0.433 ±0.036). In series B the original correlation (r 0.396 
±0.114) disappears in the partial correlation for fiber weight 

per boll (r 0.030±0.135). It is probable therefore that the appar¬ 
ently significant positive correlation in series B between the number 
and the mean weight of the seeds is conditioned by the very high 
positive correlation in this material between number of seeds and 
fiber weight per boll (r 0.881 ±0.030 as compared with 0.700±0.023 
in series A). The coefficients of the two series for the partial corre¬ 
lation of number of seeds per boll with mean weight of the individual 
seeds constant for fiber weight per boll do not differ significantly 
when compared as transformed correlations, the difference being 
only 0.43 ±0.223. 

Conceivably, however, there might have been a real difference 
between the two series in the direction of the correlation betw^een 
number of seeds per boll and mean weight of the individual seeds, if, 
in series B, in which the characters were positively correlated, both 
number and weight of the seeds had been affected in a like direction 
by the conditions, favorable or unfavorable, in the 25 fields in Salt 
River Valley from which the 25 samples were taken. The diversity 
of conditions among these fields was much greater than the diversity 
within the field at Sacaton in which the 224 bolls of series A were 
collected.® A physiolo^cal tendency to decreasing weight of the 
individual seeds as their number in the boll increases may be as¬ 
sumed as the cause of the negative correlation in series A, the effect 
of which tendency, if present also in series B, may have been overcome 
by the greater influence of very diverse environmental conditions. 

The data given in Table 3 shows clearly the danger of generalizing 
concerning the correlation of characters on the basis of a coefficient 
determined on a single population or under one set of conditions. 
The two populations here compared were of the same variety and 
were grown in the same year, yet for three pairs of characters they 
yielded coefficients of opposite sign. Analysis indicated that in this 
case the differences probably were not significant, but it is conceivable 
that significantly different coefficients of correlation might be ^ven 
by subpopulations one of which had been subjected to a relatively 
uniform and the other to a very diverse environment. 

* Comparison of the standard deviations in Table 2 would suggest, on the contrary, that series A. had been 
subjected to a greater diversity of environment than series B. But, as already mentioned, the units from 
which the statistical constants were computed were individual bolls in series A and average of 100 bolls 
in series B. Hence comparison of the standard deviations of A and B is valueless as an indication of the 
relative diversity of the environments to which the two series had been exposed, for the standard deviations 
of series B represent merely the variation from field to field and do not take account of the variation within 
each of the 25 fields which, presumably, was of the order of magnitude indi<ated by the standard deviations 
of series A. If the 25 samples of 100 bolls each of series B could be regarded merely as multiplioations of the 
one sample of 224 bolls constituting series A, the standard deviation of series B should have been only about 
one-tenth the observed standard deviation of series A. On this assumption, the stand^cd deviatkMS of 
series B for the several characters, as given in Table 2, are from 4 to 8 times the values that would have 
been obtained if the 2,500 bolls of series B had constituted a population as homogeneous as the 224 bolls of 
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SYNOPSIS OF ALL CORRELATIONS DETERMINED IN ARIZONA 

In addition to the two series of correlations determined in 1925 
and discussed in the preceding sections, numerous correlations among 
the same and other boll, seed, and fiber characters had been deter¬ 
mined in Arizona in previous years, chiefly on cottons of the Egyptian 
type but also on 180 Fa plants of an upland-Egyptian hybrid grown 
at Sacaton in 1919 (5). It seems desirable therefore to bring 
together all available data on the correlation of each pair of charac¬ 
ters, supplementing the Arizona data with references to correlations 
determined by other investigators, working with cottons of the 
upland type.® 

The order in which the correlations are arranged is indicated by the 
following list of subjects: 

1. Seed-cotton weight per boll. 9. Fiber color. 

2. Fiber weight per boll. 10. Seed fuzziness. 

3. Seed weight per boll. 11. Boll length. 

4. Number of seeds per boll. 12. Boll diameter. 

5. Mean weight of individual seeds. 13. Boll index. 

6. Lint percentage. 14. Boll apex index. 

7. Lint index. 15. Boll volume. 

8. Fii:>er length. 

In the case of the upland-Egyptian hybrid two different lots of 
material were used. The boll characters length, diameter, index, 
and apex index were determined on one^ unopen boll from ^ each 
plant and the seed and fiber characters lint index, seed fuzziness, 
fiber length, and fiber color were determined on the contents of five 
matured bolls from each plant. Consequently only the correlations 
among the four boll characters and the correlations among the four 
seed and fiber characters will be considered in this section. 

As to the units on which are based the correlations in Egyptian 
cottons, for characters 1 to 10 these were single bolls in only one series 
of samples, the 224 Pima bolls of 1925. In aU other series, the units 
were the means of several bolls, each lot of bolls representing either 
a different individual plant or a different field. In a few cases the 
means of progenies, each progeny comprising several individual 
plants, were the units employed in computing the correlations. 
For characters 11 to 15 the units on which the correlations are based 
were in nearly all cases determinations made on single bolls (one per 
plant). 

Seed-cotton weight tee boll with fibbe weight pee boll. —Tlie expected 
higfa and very significant positive correlation was shown by 224 individual bolls 
of Pima cotton in 1925 (r 0.858±0.012). 

Seed-cotton weight pee boll with number of seeds per boll. —High and 
very significant positive correlation was shown in 1925 by 224 individual bolls of 
Pima cotton (r 0.757±0.019) and by 25 samples of 100 bolls each of Pima cotton 
(r 0,934 ±0.017). 

«The most comprehensive data hitherto published on correlations of boll, seed, and fiber characters of 
cotton ^e those of: 

Hodson (4), who detminined correlations on from 34 to 85 individual plants of 2 different varieties in 
1911 to 1917, on 48 varieties in 1917, and on 87 varieties in 1918. It may be inferred that in the last two 
series vmetal means were the units in plotting the correlations. 

BnnlavF whose correlations were based on from 127 to 167 individual plants in Texas. 

Martin and Mason (10), whose correlations wwe based on 811 individual plants in Nigeria. 

Stroman <##), who determined correlations for each of 16 varieties in Texas, using 60 plants of each 
variety. 

The units e®ap^yed by the investigators cited in computing the correlations were not individual bolls 
Mt indivMwai plants oc varietal means. 
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Seed-cotton weight peh boll with mean weight or individual seeds.— 
Not significantly correlated in 224 individual bolls of Pima cotton in 1925 
(r 0.105 i 0.045). Dunlavy (2) found a high, positive, and very significant 
correlation (r 0.664±0.034) in upland cotton between what he terms “boll 
size” (weight of seed cotton per boll) and mean seed weight, and Hodson (4) in 
four populations of upland cottons obtained coefficients ranging from 0.506 ± 
0.086 to 0.832 ±0.030. 

Seed-cotton weight pee boll with lint percentage. —A low but apparently 
significant positive correlation w^as shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.244 ± 0.042), w’hile Dunlavy (^j records a significant negative corre¬ 
lation in upland cotton (r—0.394 ±0.051). Hodson (4) determined this corre¬ 
lation in five populations of upland cotton and got significant coefficients in 
only two cases, one positive (r 0.395 ±0.061) and one negative (r —0.455± 0.092). 

Seed-cotton weight per boll with lint index. —Positive and significant 
correlation was shown in 1925 by 224 individual bolls of Pima cotton (r 0.352 ± 
0.039) and by 25 samples of 100 bolls each of Pima cotton (r 0.590± 0.088). 
Three other populations of Pima cotton in 1923 and 1924 gave coefficients of 
0.502±0.0S2, 0.515±0.068 and 0.588± 0.072. Dunlavy {B) obtained in upland 
cotton a coefficient of 0.480 ±0.046. 

Seed-cotton w’eight per boll with fiber length. —This correlation w'as not 
determined in Arizona, but Hodson (4) reports for five samples of upland cottons 
coefficients ranging from 0.030±0.115 to 0.300±0.067, and Dunlavy (£), w'ho 
uses the term “boll size” for seed-cotton W'eight, got a coefficient for upland 
cotton of 0.214 ±0.057. 

Seed-cotton weight per boll with percentage 5-loce bolls per plant.— 
As determined by Dunlavy {B) on upland cotton, a rather high positive corre¬ 
lation w^as showm (r 0.533±0.058). 

Seed-cotton weight per boll with boll length. —A positive and very 
significant correlation w’as shown by 224 individual bolls of Pima cotton in 1925 
(r 0.418 ±0.037). 

Seed-cotton weight per boll with boll diameter. —A positive, very sig¬ 
nificant, and fairly high correlation was shown by 224 individual bolls of Pima 
cotton in 1925 (r 0.546 ±0.032). 

Seed-cotton w^eight per boll with boll index. —Among the 224 individual 
bolls of Pima cotton in 1925 there w’as no correlation betw’een weight of the 
matured contents of the boll and shape of the fully developed but unopen boll 
as indicated by its maximum diameter relative to its length (r 0.008± 0.045). 

Fiber weight per boll with seed weight per boll. —As would be ex¬ 
pected, a very high and very significant positive correlation was shown by 25 
samples of lOi) bolls each of Pima cotton in 1925 (r 0.865±0.034). The partial 
correlation constant for number of seeds gave a coefficient of only 0.250 ±0.126, 
indicating that the number of seeds in the boll rather than their individual 
w^eight determines the correlation wdth fiber w^eight. 

Fiber weight per boll w’ith number of seeds per boll. —High and very 
significant positive correlation was shown in 1925 by 224 individual bolls of 
Pima cotton (r 0.700 ±0.023) and by 25 samples of lOO bolls each of Pima cotton 
(r 0.881 ±0.030). Three populations of Pima cotton in 1920 and 1923 gave 
coefficients of 0.48±0.11, 0.571 ±0,034 and 0.628±0.039. 

Fiber weight per boll with mean weight of individual seeds. —No 
significant correlation was shown by 224 individual bolls of Pima cotton in 1925 
(r—0.104 ±0.045), but 25 samples of lOO bolls each of Pima cotton in 1925 gave 
a coefficient of 0.435 ±0.109. It has been shown, however (Table 4) that owing 
to the small number of the latter series, these coefficients probably do not difier 
significantly. The apparent correlation shown by the 25 samples doubtless is 
due to the" high correlation between fiber weight "and number of seeds per boll 
(r 0.88 ± 0,03) since the partial correlation of fiber weight per boll with mean 
weight of seeds constant for number of seeds per boll gave a coefficient of only 
0.198±0.129. 

Fiber weight per boll with lint percentage. —A rather high and very 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.602±0.029). 

Fiber weight per boll with lint index. —Fairly high and very significasl 
positive correlation was shown in 1925 by 224 individual bolls of Pima cotton 
(r 0,542 ±0.032), and a still higher correlation by 25 samples of 100 boEs each 
of Pima cotton (r 0.721 ±0.065). The partial correlation conslani for nia^)er 
of seeds per boll increases the coefficient of the first series to 0.830 ±0.014 .teid 
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that of the second series to 0.790±0.051. Twelve samples of Pima cotton 
from as many fields in Salt River Valley in 1920 gave a correlation between fiber 
weight per boll and lint index of 0.90 ±6.03. 

Fiber weight per boll with boll length. —The correlation shown by 224 
individual bolls of Pima cotton in 1925 (r 0.415 ±0.037) was almost identical 
with the correlation in the same material between seed-cotton weight and boll 
length. 

Fiber weight per boll with boll diameter. —The correlation shown by 
224 individual bolls of Pima in 1925 (r 0.445 ±0.036) was lower but not signifi¬ 
cantly low’er than the correlation between seed-cotton weight and boll diameter. 

Fiber weight per boll with boll index. —As in the case of seed-cotton 
w'eight per boU with boll index, no significant correlation was shown by 224 
individual boUs of Pima cotton in 1925 (r 0.093 ±0.045). 

The correlation of fiber weight per boll with seed-cotton w’eight per boll has 
been mentioned under the latter character as subject. 

Seed weight per boll with number op seeds per boll. —As would be 
expected, these characters are very closely correlated, the coefficient for 25 
samples of 100 bolls each of Pima cotton in 1925 having been 0.934 ±0.017. 

Seed weight per boll with lint percentage. —Two series of samples of 
Egyptian cotton grown in Arizona in 1910 (5) showed the expected negative 
correlation (r —0.63 ±0.047 and —0.40 ±0.092). 

The correlation of seed weight per boll with fiber weight per boll has been 
mentioned under the latter character as subject. 

Number op seeds per boll with mean weight of individual seeds. —A 
fairly high and very significant negative correlation was shown by 224 individual 
boHs of Pima cotton in 1925 (r —0.433±0.036), while a positive correlation of 
nearly equal magnitude was shown by 25 samples of 100 bolls each of Pima cotton 
in 1925 (r 0.396±0.114). As was suggested on a preceding page, this difference 
probably is not significant. 

Number op seeds per boll with lint percentage. —A rather low but 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.284±0.041). 

Number op seeds per boll with lint index. —These characters were not 
significantly correlated in 224 individual bolls of Pima cotton in 1925 
(r —0.073 ±0.045), but an apparently significant positive correlation was showfi 
by 25 samples of 100 bolls each of Pima in 1925 (r 0.436 ±0.109). It has been 
shown, however (Table 4), that when allowance is made for the small number in 
the second series, the difference between the two coefiBcients is not significant. 
In the 25 samples, the apparent correlation probably was due to the high positive 
correlation between fiber weight and number of seeds per boll (r 0.88 ±0.03), 
since the partial correlation of number of seeds per boll with lint index, constant 
for fiber weight per boll, gave a very significant negative coefficient (r — 0.607 ± 
0.085), The same partial correlation for the 224 individual bolls gave a coefficient 
of -0.750± 0.020. 

Number op seeds per boll with boll length. —A rather low but quite 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.310 ±0.041). 

Number op seeds per boll with boll diameter.— A very significant 
positive correlation was shown by 224 individual bolls of Pima cotton in 1925 
, (r0.380±0.038). 

Number op seeds per boll with boll index. —There was no correlation 
between number of seeds and shape of the boll, as represented by its maximum 
diameter relative to its length (boh index) in 224 individual bohs of Pima cotton 
in 1925 (r -0.041 ±0.045). 

The correlations of number of seeds per boh with seed-cotton weight per boh, 
fiber weight per boh, and seed weight per boll have been mentioned under those 
characters as subjects. 

Mean weight op individual seeds with lint percentage. —A fairly high 
\ and very sigiMcant negative correlation was shown by 224 individual bolls of 
Pima cotton in 1925 (r —0.432 ±0.036). In upland cotton Dunlavy (^) found 
a very significant negative correlation (r —0.529 ±0.038), as did also Martin 
and Mason { 10 ) who obtained a coefficient of —0.34±0.021. Hodson { 4 ) found 
a significant correlation (r —0.40 ±0.08) in only one of four populations of 
upland cottons. 

. ^ Mean weight op individual seeds with lint index, —A fairly high and 

very significant positive correlation was shown by 224 individual bohs of Pima 
cotton in 1925 (r 0.379 ±0.038) and an almost identical degree of correlation 
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b}’ 25 samples of 100 bolls each of Pima cotton in 1925 (r 0.357± 0.117). A much 
closer association of weight of the seed and weight of the fiber borne on it (lint 
index) is reported by Dunlavy {2) for the upland cotton with which he worked 
(r 0.704 ±0.021) and by Martin and Mason {10) who also worked with upland 
cottons (r 0.56 ±0.016). Patel { 11 ) in three strains of Gossypium herhaceum in 
India obtained coeflacients of from 0.46 ±0.05 to 0.73 ±0.03. 

Mean weight of individeae seeds with fiber length. —This correlation 
was not determined in Arizona, but Hodson {4) reports for five populations of 
upland cottons coefficients ranging from —0.04±0.11 to 0.30±0.066 and 0.33± 
0.10. Dunlavy { 2 )j also working '^\ith upland cottons, got a coefficient of 
0.426 ±0,043. 

Mean weight of individual seeds with percentage s-lock bolls per 
PLANT.— Dunlavv (2) found no significant correlation in upland cotton (r 
0.114±0.055). 

Mean weight of individual seeds with boll length. —No correlation was 
shown by 224 individual bolls of Pima cotton in 1925 {r 0.059 ±0.045). 

Mean weight of individual seeds with boll diameter. —A low but appar¬ 
ently significant positive correlation was shown by 224 individual bolls of Pima 
cotton in 1925 (r 0.189 ±0.043). 

Mean weight of individual seeds with boll index. —No correlation was 
shown by 224 individual bolls of Pima cotton in 1925 (r 0.076 ±0.045). 

The correlations of the mean weight of individual seeds with seed cotton weight 
per boll, fiber weight per boll, and number of seeds per boll have been mentioned 
under those characters as subjects. 

Lint percentage with lint index. —A fairly high and very significant 
positive correlation was shown in 1925 by 224 in^vidual bolls of Pima cotton 
(r 0.540 ±0.032). Closer correlation was shown (5) in two populations of Egj^p- 
tian cotton grown in Arizona in 1910 (r 0.64 ±0.045 and 0.83 ±0.034) and in 
a population of Pima cotton in 1924 (r 0.868 ± 0.023). Martin and Mason {10) 
obtained a coefficient of 0.42 ±0.02 and Dunlavy { 2 ) the exceptionally Tow 
coefficient of 0,203 ±0.050. 

Lint percentage with fiber length. —The correlation of these characters 
was not determined on Arizona material. Other investigators report coefficients 
for upland cotton as follows: Hodson {4) in five populations obtained coefficients 
ranging from —0.034 to —-O.Sll, three of which (all negative) may have been 
significant; Dunlavy { 2 ) —0.445±0.042; Martin and Mason { 10 ) —0.21 ±0.023; 
and Stroman {12) significant correlations in only 4 out of 16 varieties, all nega¬ 
tive, with coefficients ranging from —0.37±0.09 to —0.52±0.07. Negative 
correlation between lint percentage and fiber length in upland cotton is strongly 
indicated by these data. Kottur reports these characters to be independent in 
the Indian cottons with which he worked {9, p. 129-133), 

Lint percentage with percentage 5-lock bolls per plant. —Dunlavy { 2 ) 
found no significant correlation in upland cotton (r. 0.036 ±0.056). 

Lint percentage with boll length. —A low but apparently significant posi¬ 
tive correlation was shown bv 224 individual boUs of Pima cotton in 1925 
(r 0.179 ±0.044). 

Lint percentage with boll diameter. —No correlation was shown by 224 
individual boUs of Pima cotton in 1925 (r 0.074 ±0.045). 

Lint percentage with boll index. —A low but possibly significant negative 
correlation was shown by 224 individual bolls of Pima cotton in 1925 (r —0.142 
± 0.044). It has been shown, however, that this apparent correlation probably 
is due to the high negative correlation of boll length with boll index. 

The correlations of lint percentage with seed cotton weight per boll, fiber 
weight i^r boU, seed weight per boll, number of seeds per boll, and mean weight 
of individual seeds have been mentioned under those characters as subjects. 

Lint index with fiber length. —This correlation was determined in Arizona 
on seven populations of Egyptian cotton, of which six were of the Pima variety. 
In only three populations (aU of Pima cotton) the coefficients were apparently 
significant, having been 0.360 ±0.055, —0.132±0.038, and —0.361 ±0.085. 
Since one of the apparently significant coefficients was positive and the other 
two negative, no general conclusion in regard to this correlation is possible. 
For 180 F 2 plants of an upland-Egyptian hybrid grown at Sacaton in 1919 the 
coefficient of correlation was —0.098±0.050. Dunlavy { 2 ) reports a coefficient 
of correlation between fiber length and lint index of 0.153 ±0.051, while Mar^n 
and Mason {10) obtained a coefficient of only 0.07 ±0.024. 

Lint index with fiber color. —No correlation was shown by 180 F 2 plants 
of an upland-Egyptian hybrid at Sacaton in 1919 (r 0.033 ± 0.050). 
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Lint index with seed fuzziness. —No correlation was shown by 180 F 2 
plants of an upland-Egvptian hybrid in 1919 (r 0.090 + 0.050), by 17S individual 
selections of Pima cotton in 1922 (r — 0.061 i 0.050), and by 224 individual bolls 
of-^Pima cotton in 1925 (r 0.042±0.045). A coefficient of —0.327±0.100 was 
obtained on 36 individual selections of Sakellaridis cotton at Sacaton in 1922, 
but the population was too small to make it likely that this correlation is signifi¬ 
cant. 

Lint index with feecentage o-lock bolls per plant. —Dunlavy found 

no significant correlation in upland cotton (r 0.078±0.056). In the second 
generation population of an upland-Egyptian hybrid grown at Sacaton in 1919 
(180 plants) there was no correlation between lint index and mean lock number 
lier plant (r 0.014 ±0,050). 

Lint index with boll length. —A low but significant positive correlation 
was shown by 224 individual bolls of Pima cotton in 1925 (r 0.237± 0.042). 

Lint index with boll diameter. —A low but significant positive correlation 
was shewn by 224 individual bolls of Pima cotton in 1925 (r 0.228 ±0.042). 

Lint index with boll index. —No significant correlation was shown by 224 
individual bolls of Pima cotton in 1925 (r —0.100±0.045). 

The correlations of lint index with seed cotton weight per boll, fiber weight 
per boll, number of seeds per boll, mean w^eight of individual seeds, and lint 
percentage have been mentioned under those characters as subjects. 

Fiber length with fiber color. —For 180 F 2 plants of an upland-Egyptian 
hybrid gromi in Arizona in 1919 the coefficient of correlation was —0.230 ±0.048 
indicating a slight but probably significant tendency for the plants with longer 
fiber to have lighter colored fiber. Kottur (9, p, 124~1^9) noted a tendency in 
Indian cottons for shortness of staple to be associated with brown color of the 
fiber, but he did not determine the coefficient of correlation. 

Fiber length with seed fuzziness. —No significant correlation w^as shown in 
Arizona by three populations, one of the Pima variety (r0.046± 0.051) one of the 
Sakellaridis variety (r 0.283 ±0.103), and one of the second generation of anup- 
land-Egj^ptian hybrid (r 0.050 ±0.050). 

Fiber length with percentage 5-lock bolls per plant. —Dunlavy {2) 
found no significant correlation in upland cotton (r—0.109 ±0.056). In the 
second generation of an upland-Egyptian hybrid at Sacaton in 1919 (180 plants) 
fiber length and boll lock number (mean per plant) were not significantly corre¬ 
lated (r-0.127±0.049). 

The correlations of fiber length wdth seed cotton weight per boll, mean weight 
of individual seeds, lint percentage, and lint index have been mentioned under 
those characters as subjects. 

Fiber color with seed fuzziness. —For 180 plants of upland-Egyptian F 2 . 
in Arizona in 1919 the coefficient of correlation was negligible (r—0.016 ±0.050) 

The correlations of fiber color with lint index and fiber length have been 
mentioned under those characters as subjects. 

The correlations of seed fuzziness with lint index, fiber length, and fiber color 
have been mentioned under those characters as subjects. 

Boll length with boll diameter. —A fairly high and very significant positive 
correlation was shown by 224 individual bolls of Pima cotton in 1925 (r 0.385 ± 
0.038). This correlation was determined in Arizona also on seven other popula¬ 
tions of Pima and other varieties of Egyptian cotton. The coefficients ranged 
from 0.21 to 0.73 (0.5 or higher in six cases), and were significant in all but one case. 
For 180 F 2 plants (one boll per plant) of an upland-Egyptian hybrid at Sacaton 
in 1919 the coefficient of correlation was 0.289 ±0.046. 

Boll length with boll index. —The expected high and very significant 
negative correlation was shown by 224 individual bolls of Pima cotton in 1925 
(^—0.680 ±0.023). As determined in Arizona on seven other populations repre¬ 
senting several Egyptian varieties, the coefficients of correlation ranged from 
—0.59±0.07 to —0.795±0.028. For 180 F 2 plants of an upland-Egyptian 
hybrid growm in 1919 the coefficient was — 0.703 ± 0.025. 

Boll length with boll apex index.^o —For 180 F 2 plants of an upland- 
Egyptian hybrid grown at Sacaton in 1919 the coefficient of correlation was 
-0.504± 0.038. 

Boll length with boll volume. —The correlation with volume of the fully 
developed but unopen boil (as measured by the displacement of water) was 
determined in 1916 on three lots of bolls, each boll having been from a different 




® Tfefi apex index is the djameter 5 ram below the apex taken as a percentage of the maximum 
diameter. Round bolls have a high, and pennted bolls a low, index. 
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indi\idual plant. For 161 bolls of the Pima variety the coefficient was 
0.64 i 0.031; for 207 boils of the Gila variety, 0.73 ±0,022; and for .407 bolls of 
Pima X Gila F 2 , 0.62 ±0.021; The length of the boll therefore gives a good indi- 
(jation of its volume. 

The correlations of boll length "with seed cotton weight per boll, fiber weight 
per boll, number of seeds per boll, mean weight of individual seeds, lint per¬ 
centage, and lint index are mentioned under those characters as subjects. 

Boll diameter with boll index. —A significant positive correlation was 
shown by 224 individual bolls of Pima cotton in 1925 (r 0.325 ±0.040). Of seven 
other populations of Egj’ptian cotton in Arizona only three gave significant 
coefficients (r 0.116 ±0.032, 0.23 ±0.05, and 0.467 ±0.069). The coefficient for 
ISO F 2 plants of an upland Eg 3 ’ptian hj^brid was 0.376 ±0.043. 

Boll diameter with boll apex index. —For ISO F 2 plants of an upland 
Egvptian hvbrid grown at Sacaton in 1919 the coefficient of correlation ’was 
-0.079 ±0.050. 

Boll diameter with boll volume. —This correlation was determined on 
the same populations as was the correlation of boll length with boll volume, 
and the coefficients obtained were: Pima, 0.73±0.025; Gila, 0.82±0.015; and 
PimaXGila F 2 , 0.79±0. 012. The volume of the boll therefore was even better 
indicated by the maximum external diameter than by the length. It is possible 
also that diameter is more closely correlated than length 'vvnth the weight of 
seed cotton and of fiber per boll. (Table 1.) 

The correlations of boll diameter with seed-cotton weight per boll, fiber weight 
per boll, number of seeds per boll, mean weight of individual seeds, lint per¬ 
centage, lint inde.x, and boll length are mentioned mider those characters as 
subjects. 

Boll index with boll apex index. —For 180 F 2 plants of an upland Eg^^ptian 
hybrid grown at Sacaton in 1919 the correlation was significant and positive 
(r 0.448 ±0.040), as would be expected since relativel.v slender bolls usually-have 
pointed tips, and vice versa. 

The correlation of boll index with other characters are mentioned under those 
characters as subjects. 

The correlations of boll apex index with boll length, boll diameter, and boll 
index are mentioned under those characters as subjects. 

The correlations of boll volume with boll length and boll diameter are mentioned 
under those characters as subjects. 

EVIDENCE OF GENETIC CORRELATION 


All of the correlations discussed in this paper which gave high 
coefficients are more or less obviously physical or physiological 
The populations on which the correlations were determined were not 
of a nature to afford evidence as to the occurrence of genetic correla¬ 
tion, except in the case of 180 F 2 plants of an upland-Egyptian hybrid, 
grown in 1919 (8). In this population the coefficients of correlation 
were computed for all possible combinations of the following charac¬ 
ters: 


1. Lint index. 

2. Fiber length. 

3. Fiber color. 

4. Seed fuzziness. 

5. Boll-lock number. 


6. Boll length. 

7. Boll diameter. 

8. Boll index, 

9. Boll apex index. 


The first four characters were determined as the average for five 
mature bolls from each plant and the last four characters on a single, 
fully developed but unopen boll on each plant. The mean boll-lock 
number for each plant was computed by counting the number of locks 
in every boll on the plant. The coefficients of correlation were com¬ 
puted by the product-moment method, none of the characters having 
shown segregation in definite ratios.^^ 


II The seed coat character (seed faEziEtess) in eros^ between cottons which have, respwtively, naked and 
fimy seeds, shows deflnite monohybrid segregation, absence ol fuzz being dominant. But su^ on 

was not observed in the upland Egyptian hybrid under consideration, both parents of the hybrid having 
had more or less fuzzy seeds. 
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Ten of the 36 pairs of characters gave coefficients of correlation 
amounting to three or more times the probable error. These coeffi¬ 
cients are given in Table 5. 

Ta-Blb 5. —Significant correlaiiotis among seed, jiber, and boll characters of an 
upland X Egyptian population {ISO plants) 


Character pair j 

CoefScient of 
correlation 
(r) 

r/E 

Character pair 

Coefficient 
of correlation 
(r) j 

r/E 


} 0.214±0.048 
} . 175db . 049 
|-.172± .049 
230± . 048 
} . 202± . 048 

4.0 

Boll length.. 

j 0.289±0.046 



Boll diameter_ 

6.3 

Fiber length- ___ 

3.6 

Boll length_ 

}-.703d= .025 


Boll length _ _ . 

Boll index___ 

28.1 

Fiber length 

3,0 

Boll length_ 

|-.504±: .038 
i . 376i . 043 


Boll apex index-- _ 

Fiber length _ _ - 

Boll apex index. _ 

13.3 

4.8 

Boll diameter__ 

8.7 

Fiber eolnr - _ 

Boll index___ 

Boll lock number _ - i 

4.2 

Boll index... 

1 .448d= .040 

11.2 

Roll diameter 

Boll apex index _ 



1 



All but the first four correlations in Table 5 may be dismissed as 
obviously or probably of a physical or physiological nature. That 
this applies to the intercorrelations of boll length, boll diameter, and 
boll index (diameter as a percentage of the length) has been brought 
Out in preceding pages. The positive correlation between boll lock 
number and boll diameter is obviously physical. A much closer 
correlation doubtless would be shown by determinations on the same 
individual bolls. The negative correlation between boll length and 
boll apex index (diameter 5 mm. below the apex as a percentage of the 
maximum diameter) is probably a physiological one, since the most 
cursory observation of a series of cotton varieties shows that long 
bolls tend to be pointed, and vice versa. A similar relation is ex¬ 
pressed in the positive correlation of boll index with boll apex index 
which indicates that slender bolls (having a low boll index) tend to 
be pointed and vice versa. 

The positive correlation of lint index with boll diameter, although 
coherent (in the direction indicated by the parental associations of the 
characters) is in all probability a physiological one, since the 224 
individual bolls of Pima cotton in 1925 gave very nearly the same 
coefficient (r 0.228 ±0.042). The correlation probably expresses merely 
a like influence of environmental conditions upon two otherwise inde¬ 
pendent charactiers. 

The low positive correlation of fiber length with boll length and the 
low negative correlation of fiber length with boll apex index probably 
indicate a slight physiolomcal tendency for the longer and more 
pointed bolls to contain longer fiber. A comparison of different 
types and varieties of cotton shows that the long-staple varieties 
mostly have long and pointed bolls. Both correlations are coherent, 
however, and the evidence at hand does not exclude the possibility 
that a weak linkage is involved. Closer correlation might have been 
shown if the fiber character and the boll characters had been deter¬ 
mined on the same individual boUs, The correlations of the two 
boll characters wdth fiber length evidently are not independent, 
being connected by the rather high negative correlation between 
bolllength and boll apex index (r~0.504±0.038). This is shown by 
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the partial correlations, that of fiber length with boll length constant 
for boll apex index giving a coeflBcient of only 0.103 ± 0.050 and that of 
fiber length with boll apex index constant for boll length giving a 
coeflScient of only 0.098 ±0.050. 

The only one of these ten correlations in which physical or physio¬ 
logical association of the characters seems improbable is the negative 
correlation between fiber length and fiber color, the coefficient 
(r — 0.230 ± 0.048) being nearly five times its probable error. This cor¬ 
relation is, however, disherent, the upland parent having had shorter 
and lighter colored fiber than the Egyptian parent, whereas the hybrid 
shows a tendency for longer fiber to be associated with lighter colored 
fiber and vice versa. Such a correlation, if it is really genetic, 
may be interpreted only on the unproven assumption that crossing- 
over in excess of 50 per cent has occurred. An association of short 
staple with brown color in Indian cottons was noticed by Kottur 
p. l£4-1^9)y but he did not determine the coefficient of correlation. 

The only case in which linkage of any of the characters of the cotton 
plant discussed in this paper appears to have been demonstrated is 
that between sparse lint (low lint index) and naked seeds, reported 
by Thadani (13). 

SUMMARY 

The intercorrelations of various characters of the bolls, seeds, and 
fiber have been determined in Arizona on several populations of 
cottons of the Egyptian type, and on a population of 180 second 
generation plants of a hybrid between upland and Egyptian cotton. 

The coefficients of correlation were computed on 224 (or 250) 
individual bolls borne by 50 plants of Pima Egyptian cotton at 
Sacaton, Ariz., in 1925, for all possible combinations of the charac¬ 
ters seed-cotton weight per boll, fiber weight per boll, lint percentage, 
lint index, number of seeds per boll, mean weight of the individual 
seeds, boll length, boll diameter, and boll index, a total of 36 pairs 
of characters. The coefficients of correlation are given in Table 1. 
For 26 pairs of characters the coefficients are probably significant, 
being more than three times the probable error. 

There were also computed in 1925 coefficients of correlation for 
eight pairs of characters on 25 samples from as many fields in the 
Salt River Valley, Ariz., each sample having consisted of 100 bolls. 
A comparison of these coefficients with the coefficients obtained 
for the same pairs of characters on the 224 individual bolls is made 
in Tables 3 and 4. For three of the eight pairs of characters the 
coefficients differ markedly, although the significance of the differ¬ 
ences is doubtful. This comparison shows clearly, however, the danger 
of generalizing as to the correlation of characters on the basis of a 
coefficient determined on a single population and under one set of 
environmental conditions. 

These and all other correlations determined in Arizona, together 
with references to the published data of other investigators who 
worked chiefly with upland cottons, are brought together in a 
synopsis. The subjects of the correlations are arranged so as to 
facilitate reference. 

Evidence as to the occurrence of linkage, afforded by the corre¬ 
lations of characters in a second-generation population of an upland- 
Egyptian hybrid, is discussed in the concluding section. Coefficiente 
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higher than 0.25 were obtained in the hybrid only in cases where the 
correlation is obviously or very probably of a physical or physiological 
nature, in other words due to the mathematical relationship of the 
characters or to a like effect of environmental conditions upon other- 
vdse independent characters. 

Among the characters considered in this paper, the only significant 
correlation found by the writer which appears to be neither physical 
nor physiological is the negative correlation between fiber length 
and fiber color in the upland-Egyptian hybrid, which gave a coeffi¬ 
cient of —0.230 ±0.048. In this case the correlation is disherent, 
since in the parents of the hybrid long fiber was associated with 
deeper colored fiber, and vice versa. Linkage in this case would 
have been indicated by a positive correlation unless crossing over 
in excess of 50 per cent is assumed to have taken place. 

An apparently well-substantiated case of linkage between sparse¬ 
ness of the fiber and absence of fuzz on the seeds and vice versa, 
has been reported by Thadani {13). 
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NOTES ON SOME LEPIDOPTERA FROM EASTERN TEXAS ‘ 

m 

By L. J. Bottimeb ^ 

Junior Plant Quarantine l7ispector, Federal Horticultural Board, United States 
Department of Agriculture 

INTRODUCTION 

In the latter part of 1922, and again in 1923, the writer was de¬ 
tailed to collect and rear Lepidoptera from eastern Texas, especially 
those of the Malvaceae. The project w^as carried out in connection 
with work on the eradication of the pink bollwomi {PectimpJiora 
gossypieUa Saunders), under the supervision of the late W. D. Hunter, 
in charge. The main objects of the work were twofold; to discover, if 
possible, host plants of the pink bollworm other than cotton, and to 
enlarge the list of Lepidoptera likely to be mistaken for this com¬ 
paratively new cotton pest. 

Most of the collections were made in Liberty and Chambers 
Counties, in parts of which infestations of the pink bollworm had 
been found in 1917, 1919, and 1920. In 1918 and 1919 a similar 
study of the lepidopterous insects of malvaceous and related plants 
was made and the results published.^ The pink bollworm was not 
found on any of the plants examined. 

Of the 40 species of Lepidoptera listed in the present paper, four 
are described as new, and two, already described, are here recorded 
for the first time from the United States. One variety is also de¬ 
scribed as new, and one new genus has been erected by Busck. In 
the course of the work a large number of observations were made on 
rather well-known species. The present paper, however, has been 
confined practically altogether to new species and to previously 
unrecorded data regarding the habits and distribution of other forms. 

FAMILY HESPERIIDAE 

PYRGUS SYRICHTUS (FABRICIUS) 

Papilio syrichtus Fabricius, 1775, Syst. Ent., p. 534. 

Hesperia syrichtus Dyar, 1902, List N. Amer. Lepidop., no. 652. 

Pyrgus syrichtus Barnes and McDunnough, 1917, Check List Lepidop. Bor. 
Amer., no. 493, 1917. 

Larvae of this species were collected on leaves of the following 
malvaceous plants during 1923: Sida rhomhifolim Linnaeus, at 


1 Received for publication May 12,1926; issued November, 1926. 

® Tbe writer is iul(iebted to Scbaus, Busck, and Heinricb for determining the Lepidoptera and for other 
assistance; to Rohwer, Qaban, and Cushman for naming the Hymenoptera; and to Aldrich for identifying 
the dipterous parasites. He is also indebted to Bessey, of East Lansing, Mich., and Standiey, of the 
National Herbarium, for determining the best plants. The drawings were made by H. B. Bradford, 
under the supervision of August Busck. 

® HEmaicH, G. some lepidoptera ltkely to be confused with the pink bollworm. Jour. Agr. 
Research 20; 8G7-S36, Ulus. 1921. 
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Liberty, Tex., July 7; Malvasirum americanum (Linnaeus) Torrey, 
at Victoria, Tex., August 2 and August 25; and on the same host 
plants at Lake (jharlotte, Tex., November 16. An adult emerged 
July 24, 1923, from a specimen taken at Liberty. 

FAMILY SATURNIIDAE 

AXJTOMERIS 10 (FABRICIUS) 

Bomhyx io Fabrieus, 1775, Syst. Ent., p. 560.^ 

Automeris io Dyar, 1902, List N. Amer. Lepidop. no. 753; Barnes and Mc- 
Dunnough, 1917, Check List Lepidop. Bor. Amer., no. 780. 

A colony of about 25 half-grown larvae of this moth was found 
defoliating a cotton plant at Liberty August 31, 1923. The larvae 
collected became mature during the last week of the month following 
and pupated within tough, oval-shaped, brownish cocoons. From 
these specimens several adults were reared during the latter half of 
April, 1924. 

A single immature larva was also taken on cotton at Smith Point, 
Tex., October 4, 1923. Several dajrs later two young larvae were 
collected on leaves of Hibiscus lasioearpus Cavanilles at Liberty. 

A nearly full-grown larva was found feeding upon the leaflets of 
AmorpJia fruticosa Linnaeus at Lake Charlotte, October 23, 1923. 

FAMILY NOCTUIDAE 
SUBFAMILY AGROTINAE 
HELIOTHIS OBSOLETA (FABRICIUS) 

Bomhijx ohsoleta Fabricius, 1793, Ent. Syst., 3 (1): 456. 

Chloridea ohsoleta Hampson, 19()3, Cat. "Lepidop. Phal. Brit. Mus. 4: 45, 657. 

Heliothis ohsoleta Barnes and McDunnough, 1917, Check List Lepidop. Bor. 
Amer., no. 1090. 

Larvae of this species, which is known as the '^cotton boll worm,” 
were collected in maturing bolls of Hibiscus lasioearpus Cavanilles and 
jET. militaris Cavanilles at Lake Charlotte from August 18 to Septem¬ 
ber 8, 1922, and in the bolls and open flowers of H. lasioearpus at 
Liberty during September of the same year. Pupation took place 
within oval-shaped cells in the soil, the average pupation period of 
the five adults reared being 11 days. The adults emerged from 
September 11 to October 13^ 1923. 

^ Larvae were also found feeding upon leaves and bolls of okra (Hi¬ 
biscus esculentus Linnaeus) at Smith Point October 3, 1923. One 
adult emerged October 30, 1923, and two emerged April'S and 
April 17, 1924. 

HELIOTHIS VIRESCENS (FABRICIUS) 

Nociua mrescens Fabricius, 1781, Spec. Ins, 2: 216. 

Chloridea virescem Dyar, 1902, List N. Amer. Lepidop,, no. 2296. 

Heliothis virescem Barnes and McDunnough, 1917, Cheek List Lepidop. 
Bor. Amer,, no. 1091, 

Larvae were collected on leaves and bolls of okra (Hibiscus 
esculentus Linnaeus) at Smith Point October 3, 1923. The larvae"^ 
pupated the same month, and from these specimens three adults 
were reared during the fiirst part of the foJowing April. 
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SUBFAMILY ERASTRIINAE 

XANTHOPTERA NIGROFIMBRIA GUENEE 

Xanthoptera nigrofimhria Guenee, 1852, Spec. Gen. 6: 241. 

One larva was found in a ripening capsule of Ipomoea speciosa 
Walter at Smith Point, September 1, 1922. Pupation took place 
about September 3 within a thin cocoon fastened to the stem of the 
plant and covered with small pieces of leaf. The moth emerged 
September 15, 1922. 

HELIOCONTIA MARGANA (FABRIGIUS) 

Paralis margana Fabricius, 1794, Ent. Syst., 3 (2): 257. 

Spragueia sordida Dyar, 1902, List N. Amer. Lepidop., no. 2710. 

Helioconiia margana Hampson, 1910, Cat. Lepidop. Phal. Brit. Mus. 10: 666- 
667; Barnes and McDunnough, 1917, Check List Lepidop. Bor. Amer., no. 2924. 

Larvae of this species were collected on the leaves and buds of 
Malvastnim americanum. (Linnaeus) Torrej at Victoria August 21, 
1923. From this material a male emerged September 3 of the same 
year. 

SUBFAMILY ACONTIINAE 

BAGISARA RECTIFASCIA (GROTE) 

Schmia rectifascia Grote, 1874, Boston Soc. Nat. Hist. Proc. 16 : 242. 

Atethmia rectifascia Dyar, 1902, List N. Amer. Lepidop., no. 2267. 

Bagisara rectifascia Hampson, 1910, Cat. Lepidop. Phal. Brit. Mus. 9: 156; 
Barnes and McDunnough, 1917, Check List Lepidop. Bor. Amer., no. 2730; 
Heinrich, 1921, Jour. Agr. Research 20: 834. 

Larvae were collected on leaves of EiMscus lasiocarpus (?) at Smith 
Point August 10,1922. One specimen pupated August 13 in a loosely 
folded leaf, and the adult emerged 11 days later. An adult was 
reared November 7,1923, from larvae collected on leaves of Malvam^- 
cus drummondii Torrey and Gray at the same locality October 3,1923. 

The larvae were foimd in large numbers on Malvaviscus at Lake 
Charlotte during October, 1923. When full grown the larva enters 
the soil and constructs a flattened circular cell which is lined with 
silk, and in which it rests until it pupates the following spring. No 
adults were obtained from these larvae. 

The full-grown larva is 30 to 35 mm. long, 2 to 2J4 mm. wide, and 
nearly cylindrical. The body above is light green, with seven 
narrow, wavy stripes of darker green, one dorsal, two subdorsal on 
each side, and one lateral; paler beneath. Head pale greenish white 
with four transverse broken rows of grayish spots; thoracic shield and 
anal plate of body color; thoracic legs pale; abdominal legs pale, 
rather elongate, one pair each on fifth and sixth abdominal segments; 
(absent on third and fourth abdominal segments); crochets about 
20 in number, arranged in a semicircle on inner side; anal legs pale, 
well developed; anal fork lacking; body setae elongate and slender. 
The dorsal surface of the full-grown larva is often tinged with a p^e 
wine color. ; , \ ' 

Heinrich has advised the writer that this species should'be placed 
in the Acontiinae rather than in the Aeronyctinae because of charac¬ 
ters of the larva and the adult, the latter having vein 5 of the hind 
wing well developed. 
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Larvae collected at Lake Charlotte were found to be parasitized by 
Meteorus laphygmae Viereck (Hymenoptera). Two of these emerged 
about December 1, 1923, from oval-shaped cocoons spun by the 
parasitic larvae after the latter had left the body of the host. 

SUBFAMILY PHYTOMETRINAE 
PHYTOMETRA OO (CRAMER) 

[Phalaena] oo Cramer, 1782, Pap. Exot. 4: 45, pi. 311, fig. E (nec. F). 

Phytometra oo Hampson, 1913, Cat. Lepidop. Phal. Brit. Mus- 13:522. 

A single adult was reared about December 1, 1923, from a larva 
found in a fold of an okra leaf at Smith Point November 1, 1923. 
The larva was a very pale green, except for a large blackish area on 
the middle of the dorsal surface. The dark area was present on 
the pupa and is retained on the pupal case. 

SUBFAMILY EREBINAE 

ANOMIS EROSA HUBNER 

Ammis erosa Hubrier, 1818, Zutr. Samml. Exot. Sehmett., p. 19, fig. 287, 288; 
Barnes and McDunnough, 1917, Check List Lepidop. Bor. Amer., no. 3407] 

Larvae and pupae were collected in large numbers on okra at 
Smith Point during October, 1923. The larvae feed upon the leaves 
and pupate in a long roll or fold in the leaf. Emergence dates 
ranged from October 8 to about December 1, 1923. 

From this material four adults of the hymenopterous parasite 
Itoplectis conquisitor (Say) were reared during December, 1923, 
each parasite developing singly within the body of its host and emerg¬ 
ing during the pupal stage of the latter. 

One larva of Anomis erosa was taken on Malvaiiscus drumrnondii 
Torrey and Gray at Lake Charlotte October 23, 1923. The specimen 
pupated one week later in a loosely tied leaf, and about December 1 
of the same year a dipteron, Zenillia hlanda Osten Sacken, emerged 
from the pupa. 

A series of adults of the hymenopteron Syntomosphyrum esurus 
Riley emerged from a pupa of Anomis erosa diming the first part 
of December, 1923. A single emergence hole in the dorsal surface 
of the abdomen of the host was made. This parasite was also 
reared in large numbers during the winter of 1923-24 from pupae of 
Alabama argiUacea (Htibner), taken on cotton in various parts of 
Liberty and Chambers Counties. 

ANOMIS EXACTA HUBNER 

Anomis &cada Hfibner, 1810, Samml. Exot. Sehmett., v. 2, pi. 411; Barnes and 
McDunnough., 1917, Check List Lepidop. Bor. Amer., no. 3410. 

One larva was collected on Malvaviscus at Lake Charlotte October 
12, 1923. The specimen pupated October 17 in a loosely tied leaf 
of the host plant, and the adult emerged November 8, 1923. 
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FAMILY GEOMETRIDAE 

SYNCHLORA DENTICULARIA (WALKER) 

Xemoria (.’) denticularia Walker, 1861, List Lepidop. Brit. Mus. 22: 536. 

Synchlora excurvaria Hulst, 1895, Ent. News 6: 71. 

Synchlora denticulata Dyar, 1902, List N. Amer. Lepidop., no. 3580, 

Synchlora denticularia "Barnes and McDuniiougli, 1917, Check List Lepidop. 
Bor. Amer., no. 3801. 

Four adults were reared June 30, to July 16, 1923, from pupae 
collected on the flower heads of Rudheckia maxima Nuttall at Liberty 
June 27 and July 7, 1923. One larva was taken on the flower head of 
Helianthus sp. at Smith Point October 2, and a second on Malvastrum 
americaTium (Linnaeus) Torrey at Lake Charlotte November 16, 1923. 
An adult was reared October 20, 1923, from the first specimen. 
The larvae are surface feeders, and cany about with them seeds and 
particles of the host plant attached to the spiny tubercles on the 
dorsal surface of the abdominal segments. Pupation takes place 
within a very frail web covei^ed with small pieces of the host plant. 

FAMILY PYRALIDAE 
SUBFAMILY PYRAUSTINAE 
LOXOSTEGE HELVIAIIS (WALKERS 

Spilodes helnalis Walker, 1859, List Lepidop. Brit. Mus. IS: 772. 

Loxostege hehialis Dyar, 1902, List N. Amer. Lepidop., no. 4351; Barnes and 
McDunnough, 1917, Oheck List Lepidop. Bor. Amer., no. 5022. 

Several larvae of this species were found feeding vfithin loosely 
rolled leaves of AmarantJius spinosus Linnaeus, at Liberty July 2 to 4, 
1923. On July 4 one larva was also taken in a rolled leaf of Sida 
rJiomhifolia Linnaeus, in close proximity to some of the Amaranthus 
plants. Feeding of the larva on Sida was not noted. 

The feeding larva is pale green, and when full grown is about 18 
mm. in length. Just before pupation its dorsal surface becomes 
either a solid deep pink or is marked with broad stripes of dark pink. 
Moths emerged July 11 and July 16, 1923, from the tough, dark 
brown cocoons, to the outside of w^hich leaves of the host plant had 
been fastened. From a whitish cocoon spun by one of the larvae a 
dipteron emerged July 18, but it was in poor condition and could not 
be determined. 

PYRAUSTA PHOENIGEALIS (HCBNER) 

Haematia phocnicealis Hiibner, 1818, Zutr. Exot. Schmett., fig. 115, 116. 

Pyrausta phoenicealis Dvar, 1902, List N. Amer. Lepidop., no. 4448; Barnes 
and McDunnough, 1917, Cheek List Lepidop. Bor. Amer., no. 5145. 

Larvae of this species ’were collected in frail silken tubes in the 
flower heads of a mint, Mesosphaemm rugosum (Linnaeus) Pollard, 
at Liberty, during September and at Smith Point on October 2, 1923, 
The full-grown larva is about 15 mm, long, pale green, with pale 
pinkish-purple stripes, and with conspicuous, black, elongate-oval 
chitinizations at the base of the body setae. Adults were reared 
September 30, 1923, and from February to April, 1924. The species 
overwinters as full-grown larvae. 
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NOCTU3SLIA RUFOPASCIALIS (STEPHENS) 

Ennijchia rufofascialis Stephens, 1834, Ulus. Brit. Ent. Haust. 4: 33. 

Noctuelia rufofascialis Barnes and McDunnough, 1918, Contrib. Nat. Hist. 
Lepidop. N. Amer. 4: 167; Heinrich, 1921, Jour. Agr. Research 20: 829-830. 

Heinrich has recently received larvae of this species collected at 
Eagle Pass, Tex., by C. E. Beilis in cotton shipped from Rosita, 
Tex. This is a new host record. The insect has not been taken in 
the eastern part of Texas. 

SUBFAMILY THYRIDINAE 

MESKEA DYSPTERARIA GROTE 

Meskea dyspteraria Grote, 1877, Canad. Ent. 9:115; Dyar, 1902, List N. Amer. 
Lepidop, no. 4139; Barnes and McDunnough, 1917, Check List Lepidop. Bor. 
Amer., no. 4897; Heinrich, 1921, Jour. Agr. Research 20: 828-829. 

Galls in the stems of Malvaviscus drwmmondii Torrey and Gray 
containing larvae of this species were collected at Lake Charlotte 
September 21 and October 27, 1922, and October 23 and November 
16, 1923. The galls were found mainly on small, stunted plants 
which made up one large colony. Other near-by colonies of the 
same plant, but of normal growth, were not at all infested. A few 
galls were found on Malvaviscus at Liberty, during September, 1923. 
They were usually formed singly on the upper half of the main stem, 
but occasional plants bore galls on the branches. In one case a very 
elongate enlargement on a branch of the host contained three larvae 
of MesJcea dyspteraria, each in a separate cavity in the stem. 

The conspicuous galls are of a light russet color, elongate-oval in 
shape, and usually quite regular in outline. They range in length 
from 20 to 50 mm., and in diameter at the middle or largest part of 
the gall from 6 to 13 mm., the average being about 40 mm. long and 
11 mm. wide. In the upper part of the gall is a small round hole 
scarcely 1 mm. in diameter, through which frass in the form of short 
cylindrical pellets was discharged at regular intervals for a short 
period after the specimens were collected. Immediately after each 
operation the larva spun a web over the hole on the inside of the 
burrow. The burrow is lined with a thin web and is kept quite clean. 

The winter is passed in the larval stage. When ready to pupate 
the larva cuts a round hole at the lower extremity of the cavity 
through the woody part of the gall to the outer surface, leaving the 
thin bark or epidermis unbroken. Pupation then takes place within 
the cavity, the caudal end of the pupa being fastened to the upper 
part of the burrow and the cephalic end pointing toward the newly 
constructed hole at the base of the cavity, through which the adult 
scapes upon emergence. The pupal case remains entirely concealed 
withm the gall. Pupation took place during the latter part of March 
and the first part of April. From larvae collected September 21 
and October 27, 1922, adults were reared April 17 to April 30, 1923, 
and from specimens collected October 23 and November 16, 1923, 
moths emerged April 13 to April 29, 1924. 

Upon emergence the sluggish adults climbed to the upper part of 
the stems of the host plant in the rearing cages and rested in a very 
characteristic pose. In this pose the fore wings are more or less 
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folded along the anterior margin of the hind wings, which are spread, 
and ill this position both pairs of wings are moved around toward 
the ventral surface of the insect until they form an acute angle with 
each other, but remain nearly at right angles to the thorax. Both 
sexes rest with the abdomen curved slightly upward. 

Three specimens of the hymenopterous parasite Oalliephialtes 
gmpJioIifJiae (Cresson) were reared from larvae of MesTcea dyspteraria 
Grote, each parasite developing singly within the body of its host 
and emerging through a small hole in one end of the gall. One- 
specimen emei'ged on February 18 and two on March 12, 1924, from 
larvae collected at Lake Charlotte during November, 1923. 

SUBFAMILY PHYCITINAE 
HOMOEOSOMA ELECTELLIJM (HULST) 

Aiierastia eledella Hulst, 1887, Entomologica Americana 3: 137-138. 

Eomoeosoma electellum Hulst in Byar, 1902, List N. Amer. Lepidop., no. 4865; 
Heinrich, 1921, Jour. Agr. Research 20: 832. 

Two adults were reared September 11 and October 5, 1922, from 
larvae foimd feeding in the flower heads of Eelianthus sp. at Smith 
Point August 9 and September 14. From larvae collected in the 
flower heads of Rudheckia maxima Nutt all and EeliantJius sp. at 
Liberty in June and July, 1923, adults were reared June 27 to July 
16 of the same year. Pupation took place in the irregular webbed 
channels made by the larvae. 

From a parasitized larva taken in a flower head of Eudbeckia max¬ 
ima a specimen of SpilocJialcis delira (Cresson) was reared . July 5, 
1923. 

EUZOPHERA SEMIFUNERALIS (WALKER) 

Nephopteryx semifuneralis Walker, 1863, List Lepidop. Brit. Mus. 27: 57. 

Euzophera semifitneralis Hulst, 1890, Trans. Amer. Ent. Soc., 17: 175; Byar, 
1902, List N. Amer. Lepidop., no 4832; Barnes and MeBimnough, 1917, Check 
List Lepidop. Bor. Amer., no. 5720. 

Four adults were reared March 18 to April 14, 1924, from larvae 
collected in stalks of corn at Snyder, Scurry County, December 19, 
1923. The larvae construct rather heavy webs in the irregular 
burrows in the pith of the host for pupation. 

EPHESTIA CAUTELLA (WALKER) 

Pempelia cautella Walker, 1863, List Lepidop. Brit. Mus. 27: 73. 

Ephedia cautella Rebel, 1901, Cat. Lep. Eur. 2, no 271; Barnes and McBun- 
nough, 1917, Check List Lepidop. Bor. Amer., no. 5801. 

Adults of this species were reared from larvae found feeding upon 
the pulp of ripened bolls of Malmviscus drummondii Torrey and 
Gray collected at Lake Charlotte during August, 1922. The larvae 
pupated within folds in small pieces of cloth in the rearing cages. 
Emergence dates ranged from October 7 to October 17, 1922, the 
pupation period averaging 10 days. 
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FAMILY COSMOPTERYGIDAE 
CHAETOCAMPA BTJSCK.^ NEW GENUS 
(Fig. 1, A to F; fig. 2, D; fig. 3, A, B, C) 

Type .—Ohaetocampa crotonella Bottimer, hereinafter described. 

Chaetocampa» n, g. 

Labial palpi curved upward, sickle shaped, smooth, reaching vertex, terminal 
joint nearly as long as second and pointed. Antennae with strong pecten^ on 
basal joint" Face and head smooth. Fore wings narrow lanceolate; 12 veins; 
6 and 7 long-stalked, inclosing apex; S out of their stalk; 5 out of base of stalk; 
rest separate; lb not furcate at base; Ic present, strong. Hind wings half as 
wide as fore wings; lanceolate; S veins; 6 and 7 very long-stalked or united; rest 
separate; 5 nearest 6 and 7. A series of long spinelike scales along costal edge. 
Posterior tibiae strongly tufted above. Male genitalia with rounded broad 
uncus; gnathos divided into two free knobbed arms; socii absent; tegumen slen¬ 
der, elongate; harpes greatly reduced, small, semicircular; vinculum narrow, with 
long anteriorly projecting process; annellus strong!}^ developed, with ehitinous 
processes; aedoeagus long, slender, and nearly straight. Larva with secondary 
setae. 

The genus is for the present placed in the family Cosmopterygidae? 
where it would go on its oral and pterogostic characters, but the 
larvae and the genitalia prove that this family is heterogeneous and 
must be divided. The present genus does not go with Cosmopteryx 
and its allies, but represents a distinct family, characterized by the 
quite diffpent genitalia and by the hairy larvae. (Fig. 3, C.) 

Belonging to this family and closely allied to the present genus is 
the Transcaucasian genus Parametriotes Kusnezov (type, r. theae 
Kusnezov),® and some of the species at present wrongly referred to 
the genus Batrachedra Stainton. 

The definition of the family is advisedly postponed until the entire 
group can be properly worked up. 

CHAETOCAMPA CROTONEULA, NEW SPECIES 
Ohaetocampa crotonella, n. sp. 

Antenna above whitish ochreous; beneath black, pubescent, and with whitish 
ochreous scales at apex of each joint, giving under surface a serrate appearance. 
Labial palpus whitish ochreous; second joint with a few dark fuscous scales on 
upper and outer sides, especially near apex; terminal joint with a few dark fuscous 
scales in middle on outer side. Face, head, and thorax whitish ochreous. Fore 
wing whitish ochreous, overspread with dark fuscous scales, more strongly above 
and beyond cell; a distinct black dot at end of cell; from there an indistinct longi¬ 
tudinal dark streak to apex, and a more or less distinct marginal series of black 
dots; cilia light ochreous fuscous. Hind wing dark silvery fuscous; cilia light 
ochreous. Under surface of both fore and hind wings dark silvery fuscous. 
Abdomen whitish ochreous. Legs whitish ochreous, shaded with light fuscous 
exteriorlj’. 

Male genitalia of paratype from Smith Point figured (fig. 1, D, E). 

Alar expanse .—9 to 13H mm. 

Type. —Cat. No. 27333, LTnited States National Museum. 

Type locality. —Liberty, Tex. 

Food plant.—Croton engelmannii Ferguson. 

Described, from male type (May 27, 1924) and three male and four 
female paratypes reared April 9 to June 16, 1924, from larvae col¬ 
lected in seeds October 19, 1923; one male and two female paratypes 


< UescriptioD of the new genus furnished by August Busck. 

« Kusnezov, N. J. description of parametriotes theae, gen. n., sp. n. (lepidoptera, teneidae), 
A NEW ENEMY OF THE TEA BUSH IN TRANSCAUCASIA. Russ. Ent. Obozr. (Rev. Russe Ent.) 15; 627-652, 
illus. 1916, [In Russian. English summary, p. 642-649.] 
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Fig. 1.—Ofea^'/ocampa crotonella: A, head of larva, front view; B, head of larva, side view; C, female geni¬ 
talia; D,malegemtalia, front view; E, male genitalia, side view; F, wing venation 

A\ A2, A3, A«, anterior setae and puncture of epicranium; Adfi, AdP, adfrontal setae and puncture of 
epicranium; ADFR, adfrontal ridge of frons; ADFS, adfrontal suture; E^, E2, epistomal setae; Fi, F«, 
frontal seta and puncture; FR, frons; G®, genal seta and puncture of epicranium; Li, lateral seta and 
puncture of epicranium; LR, longitudinal ridge of frons; Oi, 0^, ocellar setae and puncture of epicranium; 
Pi, P», P«», posterior setae and punctures of epicranium; SOi, SO^, SO^, SO®, subocellar s«tae and puno- 
turc of epicranium; X, ultraposterior setae and punctures of epicranium. 
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reared July 28, 1923, from larvae collected in leaf galls July 6, 1923, 
all from the type locality; and one male paratype reared August 31, 
1922, from a leaf gall found at Smith Point, Tex. 

Ohaetocampa crotonella is quite common in parts of Liberty and 
Chambers Counties. Larvae were collected in galls in the petioles of 
leaves of the host plant from June 28 to August 10. The galls are 
usually formed next to the leaf blade and are somewhat irregularly 
conical in shape, tapering away from the base of the leaf blade. The 
enlargements average from 3 to 4 mm. in diameter at the widest 
point and range from 5 to 15 mm. in length. 

Later in the season the larvae are to be found only in the immature 
three-seeded capsules of the same plant. Larvae were noted in the 
seeds as early as July 11, and were collected as late as November 13 in 
late-maturing plants. In the capsule the larva feeds upon the con¬ 
tents of the seeds, going from one to another through very clean-cut 
holes. 

The larva possesses secondary body setae. The younger stages 
are white. When full grown the larva is 8 to 10 mm. long and 
purple-black, the color becoming paler toward the anterior end; 
thoracic segments each w.th a middle lateral spot of the darker color. 
Head pale purphsh white, with lateral margins purple-black; thoracic 
shield pui'plish white with darker spots, posterior margin broadly 
purple-black; thoracic legs pale; abdominal legs normal, crochets 
(fig. 2, D) about 15 in number, arranged in a circle broken outwardly; 
anal plate of body color; anal fork absent. 

Pupation of the larva found in the galls takes place within the 
enlarged petioles of the leaf, the pupal case remaining in the gall 
after the emergence of the moth. When full grown the seed-feeding 
larva leaves the capsule of the host and seeks a suitable place in 
which to pupate, but does not enter the soil. Those in the rearing 
cages pupated in pieces of cork, the cases remaining in the sdk-lined 
cavities upon emergence of the adults. The species overwinters as 
pupae. 

The pupa (fig. 3, A, B) is 5 to 634 cam. long and 1 to wide; 

nearly cylindrical, slightly dorsally concave; color yellowish brown; 
surface granular, dorsal surface of abdominal segments finely trans¬ 
versely corrugated. Front, vertex, prothorax, and anterior half of • 
mesothorax thickly covered with very short, stout spines, and with a 
few larger scattered spines; a large cmwed spine at lower margin of 
eye, several on first joints of antennae, one on outer hind angle of 
vertex, several on posterior half of mesothorax, and one near outer 
margin of metathorax. Maxillae and prothoracic legs about half as 
long as wing cases; antennae, metathoracic legs, and wing cases 
reaching beyond fifth abdominal segment; serrations of antennae 
plainly visible; antennae meeting at fourth abdominal segment and 
diverging posteriorly, closing the tips of metathoracic legs. Ab¬ 
domen with movable joints between segments 5 and 6, and 6 and 7, 
the sutures between these segments being wide and deep; caudal end 
bluntly pointed; segments 9 and 10 fused ventrally; anal prolegs with 
crochets present. 

Larvae found in the galls produced moths July 13 to August 31 of 
the same year. A few adults were reared during the later part of 
September from larvae taken in seeds, but most of the seed-feeders 
. -(pd not produce moths until the following year, the emergence dates 
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rangiiig from April 5 to June 17. The adult rests with all its legs 
touching the surface, with the head slightly elevated, and with the 
antennae above the wings along the side of "the body. 



Fig. 2.—Grtflfcfeia A, male genitalia, uncus; B, male genitalia, aedoeagus removed: C, male 

genitalia, aedoeagus. Chaeioeampa eroimeUa: D, abdominal proleg of larva, Isophrictis simiUella: E, 
male genitalia. Meeurm'ia erpngiella: F, male genitalia, side view; O, male genitalia, front view 

!#• 

Two specimens of Bossies gibbosus Say (Hymenoptera) were reared 
January 14,1924, from Croton seed capsules collected at Liberty and 
are probably parasitic upon the lepidopteron. 
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FAMILY GELECHIIDAE 

ISOPHRICTIS SIMILIBLLA (CHAMBERS) 

(Fig.2, E; D, E,F) 

GelecMa similiella Chambers, 1872, Canad. Ent. 4: 193. 

Paliodora similiella Busek, 1903, U. S. Natl. Mus. Proc. 25: 779-780. 

Isophriciis similiella Meyrick, 1917, Ent. Mo. Mag. 53: 113; Heinrich (in part), 
1921, Jour. Agr. Research'20: 813-814. 

In Heinrich’s paper two species of Isophrictis are confused under 
the name sbmlieUa —the true similiella (Chambers) and rudhecTciella, 
a species here descidbed as new, the genitalia figured in Plate 95, A, 
of his paper belonging to the new species.® Both species have the 
harpe of the male genitalia dmded, but in the new species it is nearly 
twice as long as in similiella. 

Five adults were reared from September 26 to October 21, 1922, 
from larvae collected in the flower heads of a tall wild sunflower 
(Helianthus sp.) at Smith Point in September. The larvae were 
found in large numbers in the dried flower heads of a similar sunflower 
at Sweetwater and San Angelo, in northern Texas, during December. 
Specimens collected at the latter locality December 14, 1923, re¬ 
mained over winter as larvae. In the rearing cage pupation took 
place from May to June, the adults emerging from May 7 to July 
1, 1924. 

The larvae range from 5 to 10 mm. in length and have three or 
four crochets on the anal and abdominal legs. The pupa (fig. 3, 
D, E, F) is 5 to 6J4 long, l}i to 1}4 mm- wide; cephalic end 
pubescent; wing cases reaching nearly to eighth abdominal segment; 
tips of metathoracic legs exposed beyond tips of wing cases; maxillae 
extending well beyond caudal end, which is armed with numerous 
elongate hooked spines and a dorsally projecting cremaster. 

From the San Angelo material the following Hymenoptera were 
reared during April, 1924: Microlracon mellitor (Say), one specimen; 
M, nuperus (Cresson), one specimen; Microl)racon n. sp,, one speci¬ 
men; Zaglyptonotus scJiwarzi Craw^ford, three specimens; Callimome 
sp., three specimens; and four specimens of a pteroma id. Six adults 
of Cremastus facilis (Cresson) were also obtained, the emergence 
dates ranging from April 27 to July 14, 1924. 

ISOPHRICTIS SIMILIELIA DENOTATA, NEW VARIETY 
(Fig. 3, G, H) 


Isophrictis similiella denotata, u. v. 

Differs from the true similiella in its darker color, and in having the fore 
wings covered with white-tipped black scales without the distinct golden longi¬ 
tudinal streaks. These are replaced by scattered reddish brown scales, which 
at the apex form a y-shaped mark as in the typical specimens. 

The genitalia are the same as in similiella. 

Alar expanse .—9 to 16 mm. 

Type. —Cat. No. 27334, United States National Museum- 

Type locality. —Liberty, Tex. 

Food plant.—Helianthus 7nollis Lamarck. 

Described from male type and 4 male and 11 female paratypes 
reared September 17 to October 24,1923, from larvae collected during 
the first part of the same month. 

G. SOMB LEPIDOPTERA ITKELY TO BE CONFUSED WITH THE PINK BOLLWOBM. Jour. Agr. 

1^, 20: 807-836, pi. 95, A. 1921. 
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The habits of the larva are similar to those of the larva Isophrictis 
similiella. The larva differs from that of the true similiella in having 
one crochet, rarely two, on the anal and abdominal legs. The pupa 



Fig. 3.~ Chaetocampa cTOtmella: A, pupa, front and side views; B, pupa, back view; C, setal map of larva. 
Isophrictia simiUella: D, pupa, front view; E, pupa, back view; F, pupa, side view. Isophrkiis similiella 
dentOaia; G, posterior tip of pupa, front view; H, posterior tip of pupa, side view. Isophriciis rudbeehieUa: 
I, p<»terior tip of pupa, front view; J, posterior tip of pupa, side view 
a, antenna; m, anal opening; apf, anal proleg; cl, clyjreus; cr, cremaster; /, front;/*, femora of prothoradc 
leg;/c«, fronto-clypeal suture; ge, glazed eye; go, genital opening; prothoracic leg; mesotboraeic leg; 
i*, metatboracic leg; lb, labrum; mi, mandible; mp, maxillary palpus; ms, mesonotum; msp, mesothoracic 
spiracle; mi, metanotum; mr, maxilla; p, pronotum; se, sculptured eyepiece; r, vertex; mesotheimcie 
wing 


A 
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(fig. 3, G, H) differs in the length of the maxillae, which extend only 
slighth' bejmnd the tips of the wing cases and metathoracic legs; 
in none do'^they reach the tip of the abdomen. 

Twelve specimens of TacMiwphyto sp. (Diptera) were reared Sep¬ 
tember 18 to October 24, 1923, as parasites of the larvae of this 
species. 

During the latter half of September, 1923, the following Hymenop- 
tera were reared from the Liberty material: Apanteles dakotae Muese- 
beck, four specimens; CaUimome sp., one specimen; and Cremastus 
sp., one specimen. 

ISOPHRICTIS RUDBECKIELLA, NEW SPECIES 
(Fig. 3,1, J) 


Isophrictis rudbeckiella, n. sp. 

Antenna basal joints whitish, overlaid with fuscous sealing; apically be¬ 
coming golden ochreous, strongly annulated with black, the ochreous scales 
spreading, giving a serrated appearance, especially on apical half; finely pubescent 
beneath. Palpus white; second joint with outer upper edge fuscous, and with 
outer side and inner apical third of well-developed brush fuscous; terminal joint 
with outer side fuscous, extreme tip black. Face white. Head and thorax 
covered with white-tipped dark scales. Fore wing covered with white-tipped 
dark scales, the darker color fuscous at base, becoming black at apex of wing; 
marked wdth narrow longitudinal streaks of W'hite-tipped golden scales, one 
below* costa, one along fold, and a third midway between the tw*o, rather distinct 
on basal half , the streaks beyond middle becoming shorter, more numerous, and 
confused, forming a rather distinct V-shaped area of golden scales pointing 
toward the apex just before a strong edging, of w'hite-tipped black scales; cilia 
light fuscous, at apex darker, and crossed by two nearly black lines. Hind wing 
dark silvery fuscous; cilia light fuscous. Both fore and hind wings dark fuscous 
beneath. Abdomen dark silvery fuscous, w*ith silvery lateral streak. Legs 
silvery white, heavily overlaid w’ith fuscous exteriorly. 

Alar expanse ,—llM to 16 mm. 

Type, —Cat. No. 27335, United States National Museum. 

Type locality. —Liberty, Tex. 

Food plant.—Rudbeckia maxima Nuttall. Also reared from R. hirta Linnaeus, 

Described from male type and four male and six female parat 3 rpes 
reared June 10 to June 28,1924, from larvae collected in flower heads 
of Rudheckia maxima at Liberty September, 1923, and one male para- 
type reared from RudiecMa sp. (Heinrich, May 26, 1918) at Alvin, 
Brazoria County. 

This species is distinguished from similiella Chambers only by 
means of the male genitalia, slight but constant larval and pupal 
characters, and host plants. The male genitalia of rudbecMelta are 
figured by Heinrich^ under the name Isophrictis similiella Chambers. 

The larva feeds throughout the flower head of its host and pupates 
within the burrow or in the upper part of the stem. From that of 
similiella the larva differs in having one or tw’o crochets on the anal 
legs and none on the abdominal legs. The pupa (fig. 3,1, J) differs 
in having the maxillae considerably shorter than the wing cases, 
which are equal in length to the metathoracic legs and extend slightly 
beyond the seventh abdominal segment. 

Two generations were noted. Larvae and pupae collected in 
Rudheckia maxima on July 17, 1922, produced adults from July 26 
to August 12, 1922, and larvae taken in the same host in September, 


" Heinrich, C. some lepidoptera lieely to be conptjsed with the pink bolxworm. Jour. Agr. 
Research 20:807-836, pi. 95, A. 1921. 
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1923, produced moths the following June. A large series of the sec¬ 
ond generation was reared during June, 1924, from flower heads of 
Budbeclcia Mrta L nnaeus taken at Liberty in November of the previ¬ 
ous year. The winter is passed in the larval stage. 

The larvae were found to be parasitized by several Hj^menoptera. 
From those in RudhecTcia maxima three specimens of AeropTiilm n. sp. 
were reared April 3, April S, and June 11, 1924, and one specimen of 
Cremdstus sp. emerged March 26 of the same year. Sixteen speci¬ 
mens of Aerophilus n. sp. (March 31 to June 19), one specimen of 
Mierohracon n. sp. (May 13), and two specimens of Cremastus minor 
Cushman (April 30) were obtained during 1924 from the larvae in 
R, Mrta. 

The species recorded by Braun^ as Isophrictis similiella Chambers 
is presumably referable to the present species. 

ARISTOTELIA CORALLINA WALSINGHAM 

Aristotelia corallina Walsingham, 1909, Biol. Centr.-Amer., Lep.-Het. 4: 23. 

Larvae of this species were collected on leaves of Vachellia jarnesi- 
ana (Linnaeus) Wight and Arnot at Lake Charlotte, in September 
and October, 1923. From this material a series of 12 adults emerged 
October 4 to October 13, 1923, and January 11 to January 12 of the 
following year. This is the first record of this Mexican species 
occurring in the United States. 

The larvae construct silken tubes, to which are fastened leaflets 
of the host plant. The full-grown larva is 8 to 10 mm. long. Body 
with second and third thoracic segments broadly banded dorsally, 
with purplish black, pale lavender beneath, intersegmental areas 
white; first abdominal segment with anterior half white, posterior 
half purplish black; second to fomth abdominal segments with 
posterior dorsal third purplish black, anterior dorsal third same color 
but marked with broad wavy white bands, middle dorsal third pale 
lavender with similar white markings; bands of first to fourth abdom¬ 
inal segments becoming paler beneath; fifth to tenth abdominal seg¬ 
ments beneath pale brovmish, more or less mottled wdth white, dor- 
sally purplish black except for narrow dorsal whitish stripe from 
anterior margin of sixth abdominal segment to caudal end; a similar 
broad whitish lateral stripe extending from just before middle of 
fifth abdominal segment to caudal end; the three whitish bands 
mottled with pale lavender, becoming pale brown on last segment. 
Thoracic legs black; abdominal legs slightly elongate, crochets 
numerous, arranged in a complete circle; anal plate with lateral 
margins broadly brovmish black, middle stripe whitish; anal fork 
well developed, two-pronged, black. 

The pupa is 4 to 4J^ mm. long, about 1 mm. wide; dark reddish 
brown; entirely pubescent; antennae, metathoracic legs, and wing 
cases reaching nearly to posterior margin of fifth abdominal segment; 
caudal end with numerous long, hooked spines, and cremaster. 


8 Braun, A. F. notes on microlepidoptera with descriptions of new species. Ent. News 32;S. 
1921. 
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LATHONTOGENUS PALPIGERA WALSINGHAM 

CMechia palpigera Walsingham, 1891, Ent. Soc. Lond. Trans., p. 94, pi. 4, fig. 31. 

Laihontogenm admtipennis AValsingham, 1897, Zool. Soc. Lond. Proc. 1: 88. 

Paraspikes ioloneha Meyrick, 1905, Jour. Bombay Nat. Hist. Soc. 16: 600; 
1911, Linn. Soc. Lond., Trans. (2), 14: 274. 

lApatia crotalariella Busck, 1910, Trinidad Dept. Agr. Bui. 9: 243, 244. 

Paraspistis palpigera Busck, 1914, TJ. S. Natl. Mus. Proc. 47: 10, 11. 

Lathontogenus palpigera Walsingham, 1915, Biol. Centr.-x4.mer., Lep.-Het. 4:409. 

A single adult was reared March 9, 1923, from pods of Vachellia 
farnesiaria (Linnaeus) Wight and Arnot collected at Kingsville 
during January, 1923. The species is known from the Tropics, and 
has not heretofore been recorded from the United States. 

RECURVARIA ERYNGIELLA, NEW SPECIES 
(Fig. 2, F, G) 

Recurvaria eryngiella, n. sp. 

Antenna golden ochreous, basal joint white with small black spot above. 
Labial palpus white with dark fuscous scales on outer side at base; terminal 
joint with two broad black annulations, one near base and the other near tip. 
Face and head white. Thorax wlute with base of patagium and posterior dot 
black. Forewing white, strongly overlaid on outer two-thirds with golden 
ochreous scales, especially below the black costal markings; costal edge with 
small black streak at base, narrowly black to the middle, from which a short, 
outwardly oblique, black streak runs toward a few black scales on end of cell; 
at apical third a similar smaller, outwardly oblique, black streak; a few scattered 
black scales at apex; a black spot below middle of fold, and a smaller black dot 
near end of dorsum; cilia golden white, with scattered black dots near apex. 
Hind wing light silvery fuscous; cilia white. Abdomen and a strong hair pencil 
at base of hind wing golden ochreous. Legs golden ochreous, with broad black 
bars and annulations, the darker markings less pronounced on the hind legs. 

Male genitalia of type figured (fig. 2, F, G). 

Alar expanse .—7 to 10 mm. 

Type. —Cat. No. 27336, United States National Museum. 

Type locality. —Stowell, Chambers County, Tex. 

Food plant.—Eryngiiim aquaticum Linnaeus. 

Described from male type and 17 male and 34 female paratypes 
reared July 11 to July 16, 1923, from larvae and pupae collected 
July 3, 1923. 

This species is near variella Chambers and apicitripunctella Clemens. 
From the former it differs in having the labial palpi and the legs 
marked with black. From the latter it is distinct in having the face, 
head, and thora.x white, and in lacking the annulations on the 
antennae. 

As many as 10 larvae were removed from a single flower head in 
which feeding had taken place. Pupation occurs within the silk- 
lined channels made by the larvae, the pupal cases remaining in the 
cavities after emergence of the adults. The full-grown larva is 7 to 8 
mm. long; body color white, each segment with a broad, deep pink 
band on posterior half of dorsal surface, the white of the anterior 
half of thoracic segments 2 and 3 and abdominal segments 1 to 4 
quite distinct, but that of the other abdominal segments becoming 
narrower and less distinct posteriorly; under surface similarly banded 
but paler. Head pale yellowish brown; thoracic shield slightly 
lighter in color, usually with a darker lateral border on each side; 
chitinizations at base of body setae small, round, yellowish in color; 
thoracic legs yellowish; crochets of abdominal legs numerous, arranged 
in a circle broken inwardly; anal plate yellowish brown; anal fork 
well developed, eight-pronged. 
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The pupa is about 4 mm. in length and 1 mm. in width; cephalic 
end bluntly rounded, abdomen gradually tapering posteriorly, 
caudal end rather pointed, armed with numerous elongate hooked 
spines, but without cremaster; maxillae more than half the length of 
wing cases; wing cases, antennae, and metathoracic legs nearly 
reaching sixth abdominal segment; antennae with tips separated, 
exposing ends of metathoracic legs. 

RECURVARIA ROBINIELLA (FITCH) 

Aytacampsis rohitiiella Fitch, 1859, Kept. Nox. Benef. Ins. N. Y. 5: 834-835. 

Recurvaria rohimella Busck, 1903, U. S. Natl. Mus. Proc. 25: 812, 813. 

Twelve adults were reared March 17 to April 4, 1924, from larvae 
collected on Amorplia jruticosa Linnaeus at Lake Charlotte October 
23,1923. Feeding and pupation of the larva took place between two 
leaflets, which were webbed together along the edge so that the upper 
surfaces were on the inside. The species overwinters as pupae. 

POLYHYMNO ACACIELLA BUSCK 

Pdlyhijmno acacklla Busck, 1900, Jour. N. Y. Ent. Soc. 8: 235-236, pi, 9, fig. 1; 
Busck, 1903, IT. S. Natl. Mus. Proc. 25: 839; Barnes and McDunnoiigh, 1917, 
Check List Lepidop. Bor. Amer., no. 6179. 

One adult was reared October 2, 1923, from leaves of Vachellia 
farnesiana Wight and Arnot collected in September, 1923, at Lake 
Charlotte. 

GELECHIA MONOTAENIELLA, NEW SPECIES 


(Fig. 2, A, B, C) 


Gelechia monotaeniella, n. sp. 

Antenna purplish black, with indistinct wliite annulations. Labial palpus 
with second joint w’hitish, dusted with black scales exteriorly; brush rather short, 
furrowed, gradually diminishing toward apex of second joint; terminal joint 
black, with few' scattered w'hite scales. Face, head, and thorax heavily overlaid 
with purplish-black scales. Fore wing dark fuscous, with few' scattered black 
and brow'll scales; at apical fourth a transverse, irregular, incomplete, w'hitish 
fascia, before w'hich are an ill-defined black costal spot and a similar dorsal spot; 
cilia light fuscous, w'ith edging of black scales at apex. Hind wing silvery fuscous, 
dark tow'ard apex; cilia light fuscous. Abdomen with basal segments above 
velvety yellowish, others above fuscous; under surface very dark fuscous. Legs 
dark fuscous, with tips of tarsi wiiite. 

Male genitalia of types figured (fig. 2, A, B, C). 

Alar expanse. —12 to 16 mm. 

Type. —Cat. No. 27337, United States National Museum. 

Type locality. —North shore of Lake Charlotte, Chambers County, Tex. 

Food plant.—Vachellia farnesiana (Linnaeus) Wight and Arnot. 

Described from male type (Nov. 12, 1923) and 2 male and 16 
female paratypes reared October 13 to November 12, 1923, and 
January 29 to March 24, 1924, from larvae collected from September 
to November, 1923. 

This species is very near serotineUa Busck, from which it is dis¬ 
tinguished by the conspicuous whitish fascia on the fore wing, by 
lacHng the narrow, chocolate brown, longitudinal streak below the 
costal edge of the fore wing (which is prominent in serotineUa), and 
by its smaller size. 

The larva is a leaf feeder, constructing a white silken tube along 
the midrib of a leaf or along a small branch and fastening to it leaflet 
of the host. The full-grown larva is 13 to 15 mm. long. Body pale 
17486—2C>-^2 
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greenish white; upper surface with six broad, very irregular, wine- 
colored stripes, two dorsal, a subdorsal, and a lateral, the subdorsals 
being slightly widest; ventral surface with three similar but much 
pa er stripes^ a narrow ventral and a broad, poorly defined marking 
on each side just above prolegs. Head pale yellow, posterior half 
reddish brown, with irregular, elongate, triangular markings of the 
same color projecting anteriorly; posterior margin narrow^ black. 
Thoracic shield pale yellow, usually indistinctly bordered with black 
on posterior margin. Thoracic legs and anal plate yellow; abdominal 
legs normal, with alternating long and short crochets arranged in a 
complete circle ; anal fork absent. 

Piipation took place within thin, white, oval cocoons, to the out¬ 
side of which were fastened particles of frass and leaflets of the host. 
A few of the specimens passed the winter as pupae, but most of them 
did not pupate until the first part of February. The colored stripes 
of the wintering larvae are barely visible. 

The pupa is smooth, rather stout, 5 to 6 mm. long, and 1% to 2 
mm. wide at the metathorax or widest part; cephalic end bluntly 
roimded; abdomen gradually tapering to caudal end, which is also 
bluntly rounded; maxillae very broad at base, two-thirds as long a? 
wing cases; antennae meeting beyond maxillae but abruptly converg¬ 
ing before end of wing cases, exposing ends of metathoracic legs; 
antennae, metathoracic legs, and wing cases reaching nearly to sixth 
abdominal segment; ventral posterior margin of seventh abdominal 
segment scalloped, and fringed with very short hairs; caudal end 
without cremaster, 

A dipteron, ZeniJlia hlanda Osten Sacken, emerged March 22, 
1924, from a pupa of GelecMa monotaeniella. The parasite had 
pupated within the pupa of its host. A second parasitized pupa was 
noted, but the dipteron w’as not reared. 

Two specimens of the hymenopteron Bracliymeria Jiammari (Craw¬ 
ford) emerged October 8 and October 9, 1923, from two pupae of 
Gelechia momtaenieUa, They were undoubtedly secondary parasites 
of the gelechiid, the primary host in this case being ZeniJlia hlanda, 

FAMILY BLASTOBASIDAE 
ZENOnOCHIUM CITRICOLELLA (CHAMBERS) 

Bla^iobuais {•UrkoltHa Chaml>ers, 1880, F. B. Com. Agr. Kept. 1879: 206-207. 

^jtnodmihium citrivMla Dietz, 1910, Araer. Ent. Sue. Trans. 36: 11-12. 

Several larvae and pupae of this species were taken in mature 
capsules of jimson weed {Datura fatula Linnaeus) at Smith Point, 
August 11, 1922. The larvae were webbing together and feeding 
upon the seeds. The pupae were in thin but strong w^bs, to the 
outside of which were fastened particles of frass and seeds. From 
this material five adults were <»btained, the emergence dates ranging 
from August 17 to September 11, 1922. 

HOnCOCERA CONFAMXJLELLA HEINRICH 

Hdcocera confnmuleUn Heumeh, 1921, Jour. Agr. Research 20; 818-819. 

Eight adults were reared during April, 1923, from fruits of Crataegus 
sp. collected at Smith Point Otober IS and November 1, 1922. 
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FAMILY OLETHREUTIDAE 
SUBFAMILY LASPEYRESIINAE 

LASPEYRESIA PACKARDI (ZELLER) 

Grapholitha packardl Zeller, 1875, Verli. Zooi.-Bot. Ges. Wien 25: ;^Q0. 

Steganoptijcha pyricolana iVIurtfeldt, 1S91, U. S. Dept. Agr. Bui. 23: 52. 

Epinotia pyricolana Fernald, in Dyar, 1902, List X. Amer. Lepidop., no. 5234. 

Enarmonia packardi Fernald, in Dyar, 1902, List X. Amer. Lepidop., no. 5282. 

Enarmonia pyricolana Garman, 1918, Md. Agr. Expt. Sta. Bui. 223: 105-106. 
108-109. 

Laspeyresia packardi Barnes and McDunnough, 1917, Check List Lepidop. 
Bor. Amer., no. 7238. 

A single male specimen was obtained April. 1923, from fruits of 
Crataegus collected at Smith Point during October of the preceding 
year. The above synonomy was fiumished by Carl Heinrich. 

SUBFAMILY EUCOSMINAE 

EUCOSMA GIGANTE.4NA MINORATA HEINRICH 

Eucosma giganteana minorata Heinrich, 1924, Jour. Wash. Acad. Sci. 14: 3SS. 

In each of two flower heads of SilpJikim gracile A. Gray was found 
a dirty pinkish larva which might easily be mistaken for the pink 
boUworm. The part of the flower head above the cavity eaten out 
by the larva had darkened in color, indicating the presence of the 
insect. The specimens were collected near Liberty, July 17, 1922. 
Pupation of the one specimen reared took place July 19 in the cavity 
made during the growth of the larva and within a thin cocoon covered 
with small pieces of the dead portion of the flower head. The adult 
emerged Jul}’ 29, 1922. 

A second adult emerged July 5, 1923, from a pupa taken in a 
typically injured flower head of Silphium gracile at Stowell, Chambers 
County, July 3 of the same year. From material collected in mature 
and immature flower heads of the same plant at Liberty, July 7, 1923, 
a third moth was reared nine days later. 

These adults furnished the type material for the variety minorata 
Heinrich. 

EPIBLEMA TRIPARTITANA {ZELLER) 

Paedisca tripartitana Zeller, 1875, Verb. ZooL-Bot. Ges. Wieii 25: 308. 

Eiwosma triparfiiana Fernald, in Dyar, 1902, List X. Amer. Lepidop., no- 
5141; Barnes and McDunnough, 1917, Check List Lepidop. Bor. Amer., no. 7025. 

Epihlema tripartitana Heinrich, 1923, U. S. Natl. Mus. Bui. 123: 146. 

This is the olethreiitid referred to in Heinrich^s paper.® The host 
plant of this species is Rudleckia maxima Nuttall, commonly called 
“niggerhead’^ in eastern Texas. The larvae are quite common in 
parts of Liberty, Chambers, and Harris Counties. The larva spends 
the first part of its life in a burrow in the central part of the flower 
head of the host plant, the cavity extending downward about an 
inch into the stem. The presence of the larva may often be detected 
by a slight enlargement of the stem immediately, below the flovrer 
head. 


“Heinrich, C. some LEPmopTER.i likely to be confused with the pink boll worm. Jour. Agr. 
Research 20: illns. 1921. 
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The taking of a single specimen at light (Libertyj July 23, 1924) 
and the presence of a very few pupal cases in the flower heads of the 
hosts during July indicate a possibility of there being two generations. 
If such is the case, the following notes pertain to the second genera¬ 
tion. 

When apparently full grown the larva leaves its host through a 
small hole near the bottom of the cavity in the upper part of the 
stem and enters the same plant about a half inch above one of the' 
lower leaves, from 6 to 12 inches above the surface of the soil. The 
leaf is webbed to the stem at the point of entrance of the larva. The 
conspicuous white chewings which have fallen to the ground at the 
base of the plant indicate that the larva has recently entered the 
stem. Upon entering the lower part of the plant the larva constructs 
a burrow which extends from a point 2 or 3 inches above the entrance 
hole the base, where the cavity is slightly enlarged. The entrance 
hole is then plugged seciireh’. 

A few of the larvae had made the change described above before 
June 23, and by July 15 about half of them had reentered the plant 
at the base. Larvae were found in the flower heads of the host as late 
as October 10. 

This insect passes the winter in the larval stage at the base of the 
liost plant. At some time during the winter the larva cuts the stem 
off from the inside at the upper part of its cavity and plugs the upper 
inch or so with chewings. Just before pupation a hole is chewed 
nearly through the stem in the uppermost part of the remaining 
cavity for the emergence of the moth. Pupation takes place in the 
burrow. A number of pupae were observed to move quite rapidly 
down the burrow by means of a spiral movement of the abdomen. 

The first pupa was taken at Liberty February 23, 1924, and from 
it the adult emerged March 15, 1924. From plants collected at the 
above locality on February 23 and 27, 1924, adults emerged March 
15 to April 29 of the same year. 

The larvae were parasitized by two species of Diptera: Sipho- 
pJigto foridensis Townsend, four specimens of which were reared 
June 28 to July 3, 1923, and TacMnophyto sp., two specimens of 
which were reared June 29 and July 3, 1923. 

The larvae were also parasitized by Macrocentrus sp. (Hyiiienop- 
tera), the brownish cocoons of which were taken in large numbers in 
the flower heads of the host plant during June and Jiih^. Adults 
were reared June 29 to July 10. From a parasitized larva in the 
lower part of the stem of the host one specimen of Bassus sp. was 
reared March 29, 1924. The hymenopteron had spun its cocoon 
within the burrow' made by the host. 

EPIBLEMA DISCRETIVANA (HEINRICH) 

Euemma dmretwana Heinrich, 1921, Jour. Agr. Research 20: S23-824 

Epibiima diHcreiimna Heinrich, 1923, U. S. Natl. Mus. Bui. 123: 138, 147-148. 

^ Larvae of this species were taken in stem galls of ''wild myrtle'' 
3 n August, 1924, with the assistance of A. C. Johnson, w'ho collected 
and reared the type material of the species. The larvae wrere col¬ 
lected at Sheldon, Harris County, the type locality. The host plant 
has been detemined as Baecharis halimijolia Linnaeus, of the family 
Carduaceae. 
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CROCIDOSEMA PLEBEIANA ZELLER 

Croddosema pleheiana Zeller, 1847, Isis von Oken 10: 721-722; Heinrich, 1921, 
Jour. Agr. Research 20: 822-823. 

Larvae of this species were collected in several Malvaceae in ad¬ 
dition to those mentioned by Heinrich.^^ From capsules of Sida sp. 
collected at Liberty July 31, 1922, several adults emerged during 
the first part of the following month. At Lake Charlotte on Novem¬ 
ber 6 larvae were found in large numbers in the seed pods of Sida 
spinosa Linnaeus, S. rhomlifolia Linnaeus, Malvastnim americanum 
(Linnaeus) Torrey, and Anoda cristata (Linnaeus) Schecht. Adults 
were reared during November, 1923, from larvae collected in mature 
capsules of Reidlea corchorifotia (Linnaeus) De Candolle at Smith 
Point November 1, 1923. This host plant belongs to the Buettneria- 
ceae, and closely resembles some of the malvaceous plants. 

The larvae were found singly in the seed capsules, except in the 
case of okra, in which several specimens were taken in one pod. In 
Sida and other host plants having small seed pods the larvae were 
often taken in a tie of the terminal leaves and immature capsules. 
The larvae pupated where feeding had taken place or within a roll 
or fold at the edge of a leaf. There are evidently two or more genera¬ 
tions a year. Emergence dates ranged from the middle of August 
to the fii*st part of December. 

EPIN0TL4 PERPLEXANA (FERNALD) 

Eplhlema perplexana Feniaki, 1901, Jour. X. Y. Ent. Soc. 9: ;5K 

Euconma perplexana Feriiald, hi Dyar, 1902, List N. Amer. Lepidop., no. 5130; 
Barnes and McDuiiiiough, 1917, Check List Lepidop. Bor. Amer., no. 6983. 

Epinotia perplexana Heinrich, 1923, U. 8, Natl. Mus. Bui. 123 : 202-203. 

Six adults of this species emerged October 16 to October 30, 1923, 
from mature pods of a wild cowpea, Yigna re pens (Linnaeus) Kuntze, 
collected on the north shore of Galveston Bay at Smith Point October 
3, 1923. The larvae fed upon the seeds and pupated within the 
pods. 

SUBFAMILY OLETHREUTINAE 

OLETHREUTES MALACHITANA < ZELLER) 

GraphoUtha maUichitana Zeller, 1875, Verh. Zool.-Bot. Ges. Wien 25: 292-293, 

Oleihreutes malachiiaHu Dyar, 1902, List N. Amer. Lepidop., no. 5044. 

A large series of moths was reared during October, 1922, from 
larvae collected in folded leaves of young persimmon trees (Diospyros 
inrginiana Linnaeus), at Lake Charlotte September 22, 1922. One 
specimen of a parasitic dipteron, Lixophaga rariabilis Coqiiillett, 
was reared September 26 from this material. 


JO Heinrich, C. .some lepidoptera likely to be confused with the pink bollworm. Jour. Agr. 
Research 20: 822, illus. 1921. 




WATER AND WATER SOLUTIONS OF ORGANIC COM¬ 
POUNDS AS DIPS FOR THE SOIL OF POTTED PLANTS 
INFESTED WITH THE JAPANESE BEETLE^ 

By Walter E. Fleming 

Associate Entomologist, Fruit Insect Investigations, Bureau of Entomology, United 
States Department of Agriculture 

INTRODUCTION 

The soil about the roots of plants grown in the open within the 
area infested by the Japanese beetle, PopiUia japoriica Newm., some¬ 
times contains larvae of this insect {8, 9, 17, 18, ^0),' yet large 
numbers of plants are grown within the infested area for commer¬ 
cial purposes under outdoor conditions. A Federal quarantine pro¬ 
hibits the shipment of such plants to points outside the infested zone 
unless the absence of the insect in the products in question is 
assm*ed. Investigations were therefore undertaken at the Japanese 
Beetle Laboratory to develop methods for destroying the insect in 
the soil, with the object of applying these methods, wherever pos¬ 
sible, to the treatment of the various types of plants grown com¬ 
mercially within the restricted area {6, 7, 10, 11, 12, 13, 14 ), Cer¬ 
tain of the methods developed have been used successfully in the 
treatment of potted plants; for instance, the infestation of some 
varieties of plants growing in small pots has been prevented by mix¬ 
ing lead arsenate with the soil, and established infestations have 
been destroyed in tubs and the larger pots of ferns and other plants 
by percolating a dilute carbon disulphide emulsion through the soil. 
The treatment of pots smaller than 4 inches in diameter by the per¬ 
colation method has not, however, been successful on account of 
the mechanical difficulties encountered and the cost of individual 
treatments of small pots in large quantities. The fumigation method 
{13), used so successfully with larger plants, could not be employed 
with smaller ones because of the mechanical difficulties. The experi¬ 
ments reported in this paper were made to determine whether it was 
economically possible to destroy an established infestation in the soil 
of several thousand small potted plants by dipping the pots in water 
or in toxic solutions. 

WATER AS A DIP FOR SOIL INFESTED WITH LARVAE 

It had been observed in the course of other related work that 
larvae were appai*ently uninjured by submersion in water for a 
period of 30 hours, but the inaximimi length of time that a larva 
could live under water was not known. Since water is so readily 
available for dipping purposes, it was deemed advisable to deter¬ 
mine the period of subniemion necesssary to asphyxiate the larvae. 


1 Received for publication Juiie 7,1926; issued November, 1926. Contribution No. 9 of the Japanese Beetle 
Laboratory, Bureau of Entomology, Riverton, N. J., in cooi>eration with the Agricultural Departments 
of New Jersey, Pennsylvania, and Delaware. 

2 Reference is made by number (italic) to “ Literature cited," p. 827. 
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The period of submersion lethal to the larvae was determined by 
placing 100 larvae, without soil, in individual wire cages submerged 
in water and removing 5 larvae on each subsequent day for exami¬ 
nation. It was found that the larvae resisted asphyxiation by water 
for 15 days. 

FACTORS INFLUENCING THE RESISTANCE OF LARVAE TO ASPHYXIATION 

In the coimse of this experiment, it was observed that the larvae 
remained inactive when submerged in water and were surrounded to 
some extent by a film of ah. It was thought probable that this 
trapped air assisted in prolonging the life of the larva, since it was 
possible that the air in the film was maintained at a sufficient oxygen 
tension to continue the larval metabolism. The experiment with 
water was therefore continued to determine whether the concentra¬ 
tion of dissolved oxygen in the water affected the rate of mortality 
of the submerged larvae. 

The influence of the concentration of the dissolved oxygen in the 
water was studied by sealing larvae in bottles of water of known 
oxygen content and at various intervals determining the larval 
mortality and the quantity of dissolved oxygen. One series of fifty 
130 c. c. bottles was completely filled with aerated sterile distilled 
water containing 0.9 mgm. of dissolved oxygen per 50 c. c., and a 
second series of an equal number of bottles w'as filled with boiled 
sterile distilled water having 0.6 mgm. of dissolved oxygen. Five 
larvae were submerged in the water of each bottle. The "bottles were 
then sealed by means of rubber stoppers and paraffin and kept at a 
temperature of 70° F. On certain subsequent days two bottles of 
water containing initially 0.9 mgm. of dissolved oxygen and two 
bottles containing initially 0.6 mgm. w^ere opened to determine the 
effect on the larvae ^ and the oxygen content of the water.^ 

The mortality of the larvae, as shown in Table 1, was practically 
the same in the water containing 0.9 mgm. of dissolved oxygen as in 
that containing 0.6 mgm. Submersion for 15 days was necessary to 
kill the most resistant individuals in both concentrations of oxygen. 
The results indicate that there is no correlation between the initial 
quantity of dissolved oxygen in the water and the rate of mortality 
of the submerged larvae. 


* Tite removed for observation were placed on the surface of moist soil. If a larva became active 
and burrowed into the soil within 4S hours sut>se« 4 uent to its removal from the water, it was considered as 
unaffected by ilie stihmersion; if it showed signs of life but failed to go normally into the soil, it was re¬ 
garded as injured by the treatment: and if it exhibited no evidenc*e ol life, it w^as held under observation 
until die first indication of tissue disintegration before it was pronounced dead. 

* The methcKi used for determining the dissolved oxygen in the water was a modification of that recom- 

merafed by the AsscxdtUion of Officiai Agricultural Chemists for the determination of dissolved oxygen 
in isotabk water (1, p. The procedure is briefly as follows: Before removing the larvae from a bottle, 
two 50 e. e. samples of water were withdrawn by means of a c. c. pipette and discharged into 250 c. c. 
IrfeniBeyer fiasfes, the delivery end of the pipette being placed on the bottom of the flasks to preclude the 
ineorporation of atmospheric oxygen in the flowing water. Tw*o c. c. of manganous sulphate solution and 
2 c. c. of saadinm hydroxide-ixjtassium iorlide solution were added belovr the surface of the w’ater by means 
’of and mixed by gentle whirling to avoid undue agitation of the surface of the water. Sodium 

hydroxide reacts with manganous sulphate to form manganous hydroxide {,AIn(OH) 2 ) which, having a 
grmt afifiiiity for oxygen, unites with the dissolved oxygen in the water to form manganous acid (HaJMnOs). 
This 9^4 in contact with alkaline manganous hytiroxide is inverted into a brown fiocculent precipitate 

maagancms maoganites (Mn.AlnOt or Mn.H 2 <MnOi} 2 . Stoppers w^ere placed in the flicks until 
tiMs iweiptate of the manganites had settled. Two c. c. of .50 per cent sulphuric acid was then added. 
The hydfiodie iwid, formed by the reaction of sulphuric acid with potassium iodide, decomposed the man- 
l^nite precipitate w iih the liberation of free hxiiae in direct rwropartion to the quantity of dissolved oxygen 
ortginafly present in the water. The contents of the flask were then titrated against N/40 sodium thio- 
1 c‘. c. of which was eiiiivaleat to 0.2 mgm. of dissolved oxygen at 0° C. and 750 mm. pressure, 
iiccsoi'dmf to the u-finl lwloin?trk* procedure. 
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Table 1. —Relation of diissolved oxygen in ivater to larval mortality 


Using boiled distilled water ' Using aerated distilled water 


Number of days lar¬ 
vae were submerged 

Dissolved! 

, oxygen 1 
iper oOc-c.l 
(average) 

! 

Larvae •! 
dead j 

1 

1 

1 

Larvae j 
injured ! 

L-irvie T>issoIved 
unat oxygen i 

fee ted :P^’r.50c.c., 
itcrea ^average;: 

Larvae 

dearl 

Larvae 

injured 

Larvae 

unaf¬ 

fected 

0 ... 

! Mgm. ! 
0.55 ' 

0 : 

0 ' 

Mgm. 

5 as9 : 

0 

0 

0 


.60 ; 

0 ! 

0 ' 

.5 .92 ' 

0 

0 


7 

.53 

(J . 

0 

5 .44 i 

0 

0 

0 


. 40 : 

1 ; 

0 

4 .41 ; 

0 

0 

5 

9 ... 

.3Sj 

2 1 

0 : 

3 .47 j 

1 

0 

4 


.44 i 

1 1 

0 : 

4 . .51 1 

0 , 

0 

5 

12_-_.. 

.3S 1 

1 

c i 

4 .48 

1 ' 

0 

4 


.39 ' 

1 i 

0 : 

4 .47 

1 

0 

4 

13.. 

: ,20 . 

3 

0 1 

2 .34 ; 

1 , 

0 

4 


. 27 ' 

1 

0 

4 .29 i 

U ' 

0 

5 

14_ 

!i6 ; 

5 ! 

0 1 

1 . 

0 .17 

4 

i 

0 


.18 ! 

^! 

0 .20 

ft 

0 

0 

15.... 

. 17 , 

.5 ' 

0 

0 .2C» 


0 

0 


.20 ' 

6 1 

0 

0 : .11 

5 

0 

0 

16.. 

.17 i 

5 1 

0 

0 .20 

,■> 

0 

0 


.17 ! 

i 

5 

0 

0 .20 

5 

0 

0 


This resistance of Popillia larvae to asphyxiation is not uiuisiial 
among insects. It has been recognized for a number of years that 
insects are difficult to kill by suffocation. As early as 1670, Boyle 
(Sy p. 20ol-20o4) confined grasshoppers, caterpillars, beetles, and 
flies in the best vacuum which he could obtain and found that the 
insects recovered when returned to air. Treviranus {19, p, 161) 
observed great variation among insects in their oxygen requirements. 
Bourcart {2, p. SO) states that it was necessary to submerge a field 
infested with soil insects for a relatively long period, 8 to 60 days, in 
order to asphyxiate them. Shafer {16) more recently found that 
insects could survive submersion in atmospheres of carbon dioxide 
and hydrogen for several hours. 

When the results of the experiments with the Popillia larvae are 
considered from the standpoint of then practical application, it is 
seen that the necessary period of submersion is too prolonged to be 
employed. Submersion in water is therefore of little apparent value 
as a means of destroying the larvae in the soil of small potted plants. 
In view of these results, a series of experiments was begun to deter¬ 
mine the value of w^ater solutions of organic compounds as dips for 
the small potted plants infested "wnth larvae. 

COMPARATIVE VALUE OF WATER SOLUTIONS OF ORGANIC 
COMPOUNDS AS DIPS FOR INFESTED SOIL 

Previous experiments (d, 7, 10, 12, 14) have shown that the larvae 
of the Japanese beetle are killed when removed from soil and sub¬ 
merged in water solutions or emulsions of such compounds as sodium 
cyanide, thymol, carbon disulphide, o-cresol, phenol, benzyl chloride, 
nitrobenzene, naphthalene, and others. Certain of these toxic solu¬ 
tions, prepared according to a procedure previously employed by the 
writer (7) were tested to determine their relative effectiveness in 
killing submerged larvae embedded in small masses of soil. 

The results obtained by the method of experimentation necessarily 
chosen in classifying the few selected compounds are not conclusive, 
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but only indicate the compound worthy of more exhaustive tests. 
Ten liters of each dipping solution and 10 liters of tap water were 
prepared and held in suitable containers at a temperature of approxi¬ 
mately 70*^ F. Eight of the previously infested 2-mch flowerpots of 
soil were submerged in each solution.^ At time intervals of 6, 12, 
24, and 30 hours two pots were taken from each solution to observe 
its effect and that of the period of submeirsion on the larvae. The 
larvae were removed from the treated soil as soon as it was with¬ 
drawn from the dipping solutions and were placed in pots of untreated 
soil for subsequent examination. 

The results of these dipping tests, which were obtained 72 hours 
after the last pot was removed from the solutions, are summarized 
in Table 2. Carbon disulphide emulsion was the most effective of 
the compounds penetrating in lethal concentration into the infested 
soil. 

Table 2. —Ahilitti of dilute organic emulsions to penetrate into submerged pots of 
soil and kill the larvae contained therein 


Effect on larvae submerged at 70® F. 


[ Coneen- 


Tonic acent of the emulsion i hours i 12 hours 

I agent ^^-1- 1 - 

; ! . Dead| Alivei Dead' Alive 


.; o-Cresol (CnaCemOII).I 

y-ifi..do. 

17-24....! Phenol (CsHsOH).! 

2.5-32...-!.do. 

33-40_ Benzyl chloride (CsHsCUsCl),.. 

41-48.do... 

4&-£i6_ Carlx>n disulphide (CSs). 

57-^_;-do- 

Oo-ra.... Nitrobenzene (riHsNO:).-. 

73-^— Sodium cyanide (NaCN).. 

Sl-88..., .....do____ 

8^96_' Water only. 


Gm, per 
liter / 
2.0 [ 

f 


1.0 J 
2.0 { 
1.0 

I 

3. a !< 

2.0 I 


2 
2 
2 
2 
2 
1 
1 

1 ! 
2 I 
2 ' 
1 i 

1 i 

2.0 |{ p 

{ I 

». .T 2 

2.0 { I 

10 { I 

. { ? 


24 hours 


Dead .Uive 


97-99_ Control (soil not submerged). 


30 hours 


Dead .4live 


CARBON DISULPHIDE EMULSION AS A DIP FOR SOIL INFESTED 

WITH LARVAE 

The previous experiments indicated that dilute carbon disulphide 
emulsion might be effective as a dip in destroying the infestation in 
such small masses of soil as are contained in 2-inch and in 4-inch 


* Three weeks prior to the actual treatment, 70 gm. of rich, moist greenhouse soil was placed in each of 
100 a-incfo Qowerijots and infested with two third-instar larvae. The pots were maintained at the cas- 
tmmj greenhouse temjjeraiure, .50® to 70® F., and sprinkled daily with water. As a result, the soil was 
mmpkfi and the larvae in a normal active state when the t)ots were submerged in the toxic solutions. 
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flowerpots. It was determined therefore to test further the efficiency 
of this emulsion by treating a large number of salvia and nasturtium 
plants growing in 2-inch pots and pine and arbor vitae growing 
in 4-inch pots. 


EFFICIENCY OF EMULSION WITH 2-INCH POTS 

Emulsions were prepared for each series of plants in progressive 
dosages, namely, 0.125, 0.250, 0.375, 0.500, 0.625, 0.750, 0.875, 1.000, 
1.125, 1.250, and 1.375 c. c. of carbon disulphide per liter of solution. 
Ten liters of each concentration of the emulsion and 10 liters of 
untreated water, serving as a control, were placed in suitable con¬ 
tainers and held at a temperature of approximately 70° F. throughout 
the submersion period. 

Ten unifonn plants of each series of salvia were selected, weighed, 
and submerged in each concentration of the carbon disulphide and in 
the water control so that the surface of the soil was just below the 
surface of the liquid. In the case of the nasturtiums, a certain 
proportion of which had failed to grow, it was necessary to reduce the 
number of plants in each solution from 10 to 5. When the submersion 
had been prolonged for IS hours, the pots were removed from the 
solutions, freed of excess water, and reweighed. They were then 
returned to the greenhouse for subsequent observation to determine 
the indirect effect of the various concentrations on the aerial portions 
of the plants. 

After a period of 4 to 6 weeks the aerial portions of the plants 
usually showed signs of stimulation, or injury, or were dead. The 
ball of soil about the roots of each plant was then carefully removed 
from the pot and crumbled to find the larvae. If a larva had been 
killed, it was often difficult to locate even a fragment of its body; 
but if it was unaffected or had been only slightly injured, it was 
usually very active and easily found. 

The results of these tests, recorded in Table 3, indicate that there 
is practically no margin between the dosage of carbon disulphide in 
the dipping solution lethal to the larva and that injurious to the plant* 
Complete larval mortality was secured in series 1 wdth a dosage of 
1.0 c. c. of carbon disulphide per liter; only 0.75 c. c. was required in 
series 2, whereas 1.375 c. c. was not sufficient in series 3. A dosage 
of 1.25 c. c., however, was fatal to salvia and nasturtium. This wide 
variation in the concentration necessary to kill the larvae is probably 
caused by the difference in the individual activity and location of the 
msects in the mass of soil. Larvae which are active or which are in 
the layers of soil in close proximity to the sides of the flowerpot are 
more readily killed than those which have burrowed into the center 
of the soil mass. 

EFFICIENCY OP EMULSION WITH 4-INCH POTS 

Although the results with the 2-inch potted plants were negative, 
it was deemed advisable to repeat the experiments with 4-inch pots. 
Pine and arbor vitae, gro\\ing in 4-inch pots of infested soil, were 
therefore subjected to the same treatment as that received by the 
plants in the 2-inch pots. The results of these tests were also negative. 
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Table 3. —Cadmt tlL^ulphide emuUion as an insecticidal dip for soil of plants in 
2-inch pots snhmerged for 18 hours at 70° F, 


Solution imbibed by 


^ot No. ’ 

CoTict^n- 

iratinn 

Mini- 

Maxi- 1 

Aver- 

Num- , 
ber 

Num¬ 

ber 

Per i 
cent ; 

Species of 
plant 

Effect on 
plants 



mum 
in 10 . 
pots ' 

imim 
in 10 
pots . 

age 
in 10 
pots 

dead 
in 10 ; 
pots i 

alive 
in 10 
pots 

dead i 
in 10 
pots . 




€. c, p(f‘r 



Per 



1 




Ukr 

Gm. 

Gm. 

cent 



i 


Stimulated. 

1-10 > 
11-20 
2i-ao ' 

31-40 i 

0.125 
. 2,Tf) 
M7”» 

0.2 

1.9 

2.1 ■ 
1.1 

10.4 

S.3 

2 5S 
2.48 
.3.28 
2.40 

0 1 
0 

20 

20 

0 i 

Salvia.. 

0 : 

_do_ 

Do. 

0 

20 

0 

_do_ 

Do. 

. 500 

4 

16 

20 

.do_ 

Do. 

41-f)0 ’ 

. 025 

LO 

11.6 ! 

3.30 

f> 

14 

30 ; 

.do. 

L naffected. 


. 750 

4.5 

11.2 : 

4. .37 

8 

12 

40 ! 

_do. 

Sickly. 

01-70 : 

. 875 

1.5 

8,7 : 

2.45 

19 

1 

95 1 

_do- 

40 per cent 






1 


dead. 

71-so 

i.OOO 

1.4 

1.5.3 ! 

3. .51 • 

20 

0 

100 : 

_do_ 

70 per cent 



! 




I 


dead. 

Sl-W 

1.125 

1.2 

10.0 

2. ,53 , 

20 

0 

100 ' 

_do.- 

80 per cent 









dead. 

oi-irjo 

1.250 

2.8 

13. 2 

3.57 

20 ; 

0 : 100 

.do. 

100 per cent 









dead. 

ioi-no 

1.375 

2. 5 

10.0 . 

3.92 

20 ' 

0 

100 

.do. 

Do. 

111-120 

ib ; 

. 7 

16.3 

3,76 

1 

19 

5 

.do_ 

Unaffected. 


. 125 

2.8 

10.6 

4.19 

0 

10 

0 

Nasturtium- 

Do. 

126-130 

. 250 i 

8.1 

37.3 i 

11.40 

3 

7 

30 

.do. 

Do. 

13I-13.'i 

. 375 

11,7 

3.5.4 1 

7.70 

1 

9 

i 10 

.do . 

Do. 

i3fW40 

..500 

H. 1 

1.5.8 : 

7.52 

8 1 

2 

so 

.do_ 

Do. 

141-14f» 

. 625 , 

11. .5 

27.2 

9.42 

8 , 

2 

80 

_do. 

Do. 

UfV-iriO 

.7,50 

19.1 

29.9 I 

12.72 ; 

10 

0 

1 100 

.do. 

Do. 

151-1 Vi 

. 875 

14.2 

31.1 , 

10.55 ' 

10 

0 

1 100 

.do. 

1 Sickly. 

1.5tV-16fl 

1.000 

1.5.0 

25.2 , 

8.23 ; 

10 , 

0 

' 100 

_ do . 

; 20 per cent 










dead. 


1. 125 ' 

10.3 

21.0 , 

7.73 

10 I 

0 

100 

.do. 

80 per cent 




1 


1 




dead. 

lfiO-170 

1. 2.50 

12,2 

29.9 1 

1 

9.13 

10 

0 

100 

. do. 

100 per cent 




1 


' 

1 

dead. 

171-175 

1.375 ; 

11.0 

21.0 i 

9.04 

i 10 

0 i 100 

; .do. 

Do. 

dTfi-lSO 

(») 

11.0 

16,0 

6.43 

0 

10 

0 

j .do. 

Unaffected, 

lSl-190 

.125 

a" , 

14.5 

a42 

0 

20 

1 0 

Salvia. 

) Stimulated. 

191-200 

.250 

10.0 

29.4 

10.66 

0 

20 

! 0 

1 _do_ 

! Do. 

201-210 

,375 

10.0 

25.0 

8.65 

, 5 

15 

i 25 

1 _do. 

Do. 

211-220 

.500 

: 11,0 

28.0 

10.00 

9 

11 

i 45 

.do. 

Unaffected. 

221-230 

.625 

13.0 i 

25.0 

10.28 

4 

16 

i 20 

1 .do. 

20 per cent 








1 

sickly. 

231-240 

. 750 

40.0 

19.0 

6.52 

6 

14 

30 

i _do_ 

1 60 per cent 







i 



sickly. 

241-2S0 

. 875 

.5.0 1 

, 22.0 

8.71 

8 

i 12 

1 40 

i .do. 

Do. 

251-^ 

1.000 

5.0 I 

1 29.0 

9.36 

11 

1 ^ 


'.do. 

90 per cent 
dead. 

261-270 

1.125 

18,0 

1 26.0 

13.11 

19 

i 1 

95 

;.do_ 

100 per cent 










dead. 

271-2^ 

1.250 

IZO 

‘ 25.0 

9.65 

14 

! 6 

70 

j .do_ 

Do. 

28.1-2SP0 

1,375 

5.0 

20.0 

6.04 

12 

1 8 

60 

1_do. 

Do. 

1^1-300 

0) 

7.0 

36.0 

9.34 

0 

1 20 

i 

0 

:_do. 

Unaffected. 
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DISCUSSION OF SOIL CONDITIONS LIMITING THE EFFECTIVENESS OF CARBON 
DISULPHIDE EMULSION IN SUBMERGED SOIL 


The larvieidal action of a dilute carbon-disiilpliide emulsion undei* 
these conditions is dependent upon the volume of the solution pene¬ 
trating into the soil and upon the length of time during which the 
active principle of the solution maintains its potency in contact mth 
the soil. The pore space is occupied by water and air. If the water 
eontimt of the soil is low the air space is large. Under optimum 
conditions for growing plants, over half of the pore space is Med 
with water. It is apparent therefore that the entire volume of 
solution imbibed by the soil from even an unlimited source would 
necessarily be limited. 
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The toxic solution which penetrates into the soil is markedly 
affected by the soil particles. It is well known that dissolved as 
well as suspended material can be more or less completely removed 
from water by passing the solution through sand or soil. This 
removal of the solute or suspended material from water is the result 
of absorption, the chemical reaction between the soil and the dis- 
solved substance, and of adsorption, the condensation or concentra¬ 
tion of the dissolved substance on or about the surface of the soil 
particles (4, P- 0.9-69; IS, p. S49-374)- The dissolved or suspended 
substance is not uniformly distributed throughout the soil by the 
water and tends to become concentrated in the outer layers of the 
soil mass. Even in the concentrated area as well as in other parts 
of the soil mass a certain portion of the toxic solute is rendered 
impotent by being absorbed in the moisture film surrounding the 
soil particles. The diffusion of the toxic agent into the soil to replace 
that portion of the imbibed solution removed by adsorption is a slow 
process and is of little value in killing larvae. The results obtained 
by Leach and Thomson {10) with infested soil dipped in toxic solu¬ 
tions gave every indication that the portion of the initially imbibed 
solution which was unaflfected by absorption or adsorption was 
responsible for the insect mortality. The effective action of the 
carbon-disulphide emulsion is dependent therefore upon the initial 
concentration obtained throughout the soil mass. 

It is apparent from the brief discussion of the soil conditions 
which influence the insecticidal eflGiciency of the carbon-disulphide 
emulsion in the submerged soil, that the action of a toxic dipping 
solution is uncertain and almost entirely dependent upon favorable 
soil conditions. The extreme variability in these conditions would 
make rather dubious the general use of any dipping solution. 

SUMMARY 

Experiments were made to determine whether an established 
infestation of the Japanese beetle in the soil of small potted plants 
could be destroyed by submersion for a definite period in water or 
in water solutions (emulsions) of o-cresol, phenol, benzyl chloride, 
carbon disulphide, nitrobenzene, and sodium cyanide. 

The larvae resisted asphyxiation in water for 15 days. No corre¬ 
lation was foxmd bet^veen the rate of larval mortality and the con¬ 
centration of the dissolved oxygen of the water. 

Carbon-disulphide emulsion was the most effective of the solutions 
in killing the larvae in the submerged soil. The insecticidal concen¬ 
trations, however, usually injured plants. 

It was apparent in these experiments that the effective action of 
any dipping solution is so dependent upon soil imbibition, soil 
adsorption, and soil absorption as to limit the application of even 
an effective insecticide to conditions where these factors are favorable. 
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NUTRITIVE VALUE OF PROTEIN IN BEEP EXTRACT, 
OX BLOOD, OX PALATES, CALF LUNGS, HOG SNOUTS, 
AND CRACKLINGS 1 

By Ralph Hoagland, Biochemist^ and George G. Snider, Senior Scientific 
Aid, Biochemic Division, Bureau of Animal Industry, United States Depart¬ 
ment of Agriculture ^ 

INTRODUCTION 

The purpose of the investigation herein reported was to determine 
the nutritive value of the protein in beef extract, ox blood, ox palates, 
calf lungs, hog snouts, and cracklings, as measured by the growth 
induced in albino rats. In these experiments, as in previous studies 
with other meat products (4, the term “protein’' is used in a 
general sense to include all organic nitrogenous compounds, whether 
true proteins or not. In most meat products only a small proportion 
of the nitrogen is a constituent of nonproteins, but in beef extract 
at least one-half of the nitrogen is in that form. 

DESCRIPTION OF PRODUCTS 

In the L'nited States beef extract is an important product of the 
meat-canning industry. It is prepared by concentrating in vacuum 
kettles the clear broth obtained from cooking fresh beef. Two types 
of extract are prepared, depending on the degree to which the 
beef broth has been concentrated, viz, fluid extract, which contains 
approximately 50 per cent moisture, and solid extract, which contains 
approximately 25 per cent moisture. 

In addition to beef extract, similar extracts are prepared from 
various edible parts and organs of cattle, sheep, and hogs, and from 
the broth obtained from cooking corned beef preparatory to canning. 
These extracts must be labeled to show their true character, and 
the term “beef extract” is restricted to that product which has 
been prepared entirely from fresh beef. 

Blood is an important potential source of food for man and animals. 
As collected in the packing house it is equal to approximately 10 
per cent of the dressed weight of fat cattle, 8 per cent of the w^eight 
of sheep, and 4 per cent of the wreight of hogs. On account of a 
natural distaste for blood as a food, however, it is used to a very limited 
extent in the human diet, chiefly as an ingredient of sausage, but an 
appreciable quantity of the dried product is fed to faim animals. 
Only blood from cattle is used as human food. 

Ox palates, commonly called “hard palates,” comprise the tissues 
in the roofs of the mouths of cattle. This product consists largely 
of rather tough connective tissue, together with some muscle and 
fatty tissue. Ox palates are first cooked and then utilized in the 
manufacture of sausage. They are used only to a limited extent for 
human food. 


1 Received for publication May 5,1^2;'; issued November, 19*26. 

, ^ The writers extend their thanks to Warren L. Briggs, junior, scientific aid of the Blcebemic Division, 
for assistance in the care of the exi’ieriinenuil animals used in these investigations and for the preparation 
of the graphs. 

3 Reference is made by number iitalic) to “Literature cited,” p. 
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Calf lungs, as well as those of cattle and sheep, find limited use 

in the human dietary. . i i 

Cracklings are the residue from the rendering oi lard or beet lat 
in open kettles. They consist largely of connective tissue, together 
with a small proportion of muscle and variable quantities of fat. 
This product is used to a limited extent as human food, the bulk of 
it being utilized either for feeding farm animals or as a constituent 
of fertilizers. 

Host snouts, which comprise the facial tissues on the upper jaw 
extending from the eyes to the tip of the nose, consist almost entirely 
of eonnecdive tissue ^and fat. This product is used chiefly in the 
preparation of potted products, sausage, and similar articles 

PREVIOUS INVESTIGATIONS 

BEEF EXTRACT 

Beef extract has been the subject of numerous investigations, but 
most of these have related to its physiological effects, and relatively 
little work has been done to determine the nutritive value of the 
nitrogenous compounds in this product. Although approximately 
one-half of the nitrogen in beef extract is present as a constituent of 
meat bases which have no food value, the remainder is found chiefly 
in the form of proteoses, peptones, amino acids, and gelatin; com¬ 
pounds w'hich might be expected to have considerable food value. 

Thompson {10) fed dog biscuit to dogs imtil they remained constant 
in weight. Beef extract w’as then added to the diet. The dogs 
increased in iveight after the addition of the beef extract, but returned 
to their former weights when the extract was omitted. A part of the 
nitrogen in the beef extract was retained by the dogs, but the most of 
it was excreted in the urine. The beef extract induced a more 
complete digestion of the dog biscuit, as evidenced by a reduction in 
the quantity and the nitrogen content of the feces. 

Thompson, Caldwell, and Wallace (ff), in experiments with 
human subjects and with dogs, found that the addition of beef extract 
to the diet caused an increase in weight and the retention by the body 
of a considerable proportion of the nitrogen in the extract. There 
w'as also a decreased excretion of nitrogen in the feces, due apparently 
to the better digestion of the ordinary diet. These writers concluded, 
therefore, that beef extract has both a direct and an indirect nutritive 
value. 

Hutchison (^, p. 54, 95) states that “rats which were fed on 4 
grammes of meat extract daily died quite as soon as other rats which 
got no food at all.'^ He states that “ [beef] extract, though containing 
too little protein matter to be in itself a food, may act as a valuable 
adjuvant to other foods, especially where appetite and digestion are 
feeble.” 

BLOOD 

A considerable number of feeding experiments with blood have been 
conducted with farm animals at the agricultural experiment stations 
m this country and in Canada, but it does not seem desirable to discuss 
these in detail. It will suffice to quote briefly from a recent text by 
Hen^ and Morrison (5, p. 186, 809, 376, 65B) regarding the value of 
Iblood as a food for farm animals. 
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Dried blood is particularly useful with young pigs and calves, as a skim milk 
substitute, or for sickly animals. Its usual high price stands in the way of its 
common use for other animals, but it has been fed with success to horses, dairy 
cows, and sheep. 

Tankage and blood meal were found by Burkett at the North Carolina station 
to be useful for run-down, thin horses, 1 to 2 lbs. of tankage or 1 lb. of blood meal 
being employed. Pott states that blood meal has given excellent results in horse 
feeding. As such animal by-products are unpalatable to horses, they must be 
mixed with well-liked feeds. 

Blood meal is not commonly used for feeding dairy cows, primarily due to its 
high price, but it is cpiite extensively used in calf feeding. It is occasionally used 
in stimulating cows to their utmost when on test, but only 1 to 2 lbs. should 
be added to the ration. It is not palatable to cattle, though they can be taught 
to eat it when mixed with other feeds. In a trial by Lindsey at the Massachusetts 
station 1.1 lbs. blood meal w^as equal to 2.2 lbs. cottonseed meal. 

Blood meal is used but relatively little for swine feeding, except sometimes 
for very young pigs, as tankage is usually a more economical source of protein. 

Imabuchi (7) determined the digestibility of dried blood in a test 
with a dog. The animal was first fed a ration consisting of 300 gm. 
of horse meat and 50 gm. of fat meat for a period of 5 days; then a 
ration composed of 46 gm. of dried blood, 100 gm. of horse meat, and 
50 gm. of fat meat for a period of 10 days, and finally the first-named 
ration for a period of 5 days. The digestibility of the protein in the 
rations fed during the three periods was as follows: Period 1, 94.3 
per cent; period 2, 86.6 per cent; and period 3, 94 per cent. The 
dog was in nitrogen equilibrium during the first period but lost 3.3 
gm. of nitrogen, corresponding to 117 gm. of flesh, during the second 
period when blood was included in the ration. 

Blum (i) states that blood serum is utilized practically as com¬ 
pletely as meat, but that the red corpuscles have a much lower value, 
the protein in the latter being only 70 to 75 per cent digestible. 
Whole blood is considered to have a somewhat lower nutritive value 
than meat. 

Opel {9j p. Hl-lJf.7) states that the protein in ox blood was found 
by Salkowski to be 95 per cent digestible and that the protein in 
sheep blood was 96.5 per cent digestible, as determined by Beck, 
the experiments being conducted with dogs. Opel states also that 
serum protein is digested as thoroughly as that in meat, but that the 
protein in the corpuscles is not so completely digested, 25 to 30 per 
cent of the nitrogen appearing in the feces. 

Hutchinson {6, p. 72, 73) states that two French experimenters 
found that 2 pounds daily of blood was not sufficient to maintain life 
in dogs for more than a month. Hemoglobin, which makes up the 
larger part of the protein in blood, is reported to be not well utilized. 

ox PALATES 

The digestibility of ox palates was determined by Langworthy and 
Holmes (S). The palates were first cooked and then fed to men as 
the chief source of protein in a mixed diet. The digestibility of the 
total protein in the diet was found to be 87.3 per cent, and that in the 
ox palates alone was calculated as being approximately 86.8 per cent. 
It is stated that the protein of cooked hard palates is somewhat less 
thoroughly digested than that of the common cuts of meat. 

OTHER PRODUCTS 

Although no experimental evidence concerning the nutritive value 
of the protein in calf lungs, hog snouts, or cracklmgs was found in the 
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literature, the following statements indicate the apparent nutritive 
value of these products: 

Hutchison p. 73) states that lungs '‘are sometimes eaten, but 
can not be regarded as a really good form of food.'' They are de¬ 
scribed as being largeh' composed of an elastic material, an albumi¬ 
noid, and as being imperfectly digested and useless as building material 
in the body. 

Pork cracklings, according to Henry and Morrison (3, p. 186) are 
fully as valuable as tankage for swine. Bull (^, p, 219) states that 
cracklings are considered more digestible than tankage and that the 
two products have about the same value as feed for hogs. He also 
recommends cracklings as a feed for poultry. 

EXPERIMENTAL PROCEDURE 

METHODS 

The methods employed in this investigation are essentially the 
same as those followed by the writers in previous studies with other 
meat products (4, o). Each meat product under examination con¬ 
stituted the only source of nitrogen in a ration which also contained 
adequate quantities of vitamins A, B, and D and of mineral matter. 
As a rule, each ration was fed to six young, male, albino rats weighing 
approximately 40 gm. each at the start, but in a few instances 
mature rats of both se.xes w^'ere used. Except where indicated on the 
graphs, the curves denote the growth made by male rats. 

DESCRIPTION OF SAMPLES 

The beef extract, which w’as of the solid or paste variety, was 
obtained direct from a factory. The extract was dissolved in water, 
mixed with starch, and the mixture was dried and ground so as to 
facilitate incorporation in the ration. 

Defibrinated ox blood was dried in the laboratory in a current of 
air at a temperature under 70° C. All the dried product was found to 
be practically soluble in water. A portion of the dried blood was 
heated 30 minutes in an autoclave under 15 pounds’ steam pressure. 

The dried serum and hemoglobin were obtained from a factory 
which prepares these products on a commercial scale. The serum 
was prepared so as to eliminate fibrin. 

The ox palates were first cooked, then ground, dried in a current 
of air at 60° to 70° C., and again ground; the calf lungs were prepared 
in a similar manner except that they w^ere not cooked. 

The hog snouts were ground, heated on a steam bath to remove 
most of the fat, and the tissue residue was dried in a current of air 
and tlien ground fine. 

Two lots of pork cracklings, each of which contained only a little 
muscle tissue, were obtained from different packing houses. The 
cracklings were ground fine before use in the rations. 

COMPOSITION OF MEAT PRODUCTS 

The proximate composition of the samples of meat products is 
reported in Table 1. The percentage of crude protein was obtained 
by multiphing the percentage of nitrogen by 6.25. These results do 
not necessarily indicate the true protein content of each product, 
certainly not of the beef extract, but they offer a convenient basis for 
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comparing the nutritive values of the mixed nitrogenous compounds 
in the several products. 

Table 1.— Composition of dried meat products^ 


Liho Crude 

ratory Product Moisture Ash fnfx?o^gen 

' ' >.6.25) 


1256 

1186 

1232 

1214 

1237 

1213 

1255 

1287 

325S 

1269 

1284 


Beef extract *=.. 

Ox blood... 

Ox blood <heau‘i(i in autoeliivej. 

Serum.--- 

Serum... 

Ilt^moglobin-- 

Ox palates--- 

Calf lungs..... 

Hog snouts.... 

Cracklings.... 

Cracklings... 


Percent Percent Per cfiit 

14.32: 21 . 75 ; 11.27 

... 14.40 

__ 14.59 , 

10.01 13.57 10. 75 

_ 13.35 11.59 , 

1.5.12 1.35 : 13.2S 

..10.05 

__ 12.11 , 

. 14.01 ; 

.. 13.86 ' 

__ 14.35 ' 


Percent 

Per €t7it 

70.44 
90.00 
91.19 1 

0.79 

67.19 

.34 

72.43 
83, 00 

.34 

62. 81 

32.99 

75.69 ' 

6.93 

87. 56 

7.65 

86.62 ' 

3.48 

89. 69 ; 

6. 79 


« The chief object of these analyses was to determine the nitrogen and fat; in some cases the moisture 
and ash were determined also. 

The beef extract was not dried. 



Fig. 1.—Growth curves of rats fed a ration containing 18 per cent of crude protein (nitrogen.X6.25) 

from beef extract 


RESULTS OF FEEDING EXPERIMENTS 

BEEP EXTRACT 

A ration containing 18 per cent of crude protein (nitrogen X 6.25) 
from beef extract, but which probably contained less than 9 per cent 
of true protein, was fed to 6 young male rats and to 4 mature ones. 
The results of these tests are reported in Figure 1 and Table 2, the 
two groups of rats being numbered 680 and 688, respectively. From 
Figure 1 it is evident that the ration was very inadequate, even for 
maintenance, for either group of rats. It was possible to continue 
the experiment with the mature rats for a period of 31 days, but 
each rat lost weight steadily throughout the test, the losses ranging 
from 19.5 to 27.4 per cent. Food consumption was approximately 
normal for the rats in each group. 
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In this connection it be stated that a ration containing 5 per 
cent of protein of good quality and 10 per cent of fat is adequate for 
maintenance in rats, whereas 10 per cent of good protein will induce 
approximately normal growth. 



The results of the feeding tests with ox blood are reported in 
Figure 2 and in Table 2. Four young male rats, numbered 644, w^ere 
fed a ration containing 20 per cent of crude protein from dried, 
defibrinated blood which had been heated in an autoclave after 
dijing. It is apparent that the ration was inadequate even for 
maintenanee (fig. 2), but on referring to Table 2 it wdll be noted 
Ihat, with one exception, the food consumption of the rats was very 
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low. The average daily food intake for each of three rats ranged from 
1.7 to 1.9 gni,—quantities far below their normal requirements—but 
the average daily food intake of the fourth rat, 3.9 gm. was practically 
normal. 

The same ration was fed to four mature rats numbered 649 (fig. 2 
and Table 2), and it will be noted that they lost weight more rapidly 
than the yoimg rats. Although the ration contained adequate 
quantities of vitamins A, B, and D, each rat was fed daily four 
drops of cod-liver oil. From Table 2 it may be noted that the food 
consumption of these rats also was below normal. 

A ration containing 50 per cent of protein from dried raw blood 
was fed to young male rats numbered 650 (fig. 2 and Table 2). Each 
rat received 4 drops of cod-liver oil daily in addition to 2 per cent of 
the oil already present in the ration. All of these rats lost weight 
throughout the test. The same ration was fed to 4 mature rats 
numbered 654 (fig. 2 and Table 2), but the loss in weight was more 
pronounced than in the yoimg rats. The average daily food intake 
for the rats in each group was much below the maintenance require¬ 
ment. 

A ration containing 15 per cent of protein from dried raw blood 
was fed 6 young male rats numbered 692, and each rat was fed daily 
0.1 gm. vitamin B from yeast and 5 drops of cod-liver oil in addition 
to the quantities of these vitamins already present in the ration. 
From Figure 2 it is evident that these rats nearly maintained their 
weight; but in Table 2 it will be noted that the food intake was low 

Table 2. —Results of feeding tests leith beef extract, ox blood, serum, and hemoglobin 
as sources of protein in the diet of rats 


Source of protein 

Protein 
in ra¬ 
tion 

Kat 

Xo. 

Dura¬ 
tion of 
test 

Initial 

weight 

1 

Final 

weight 

Gain 
(+) or 
loss (-) 
in 

weight 

Gain in weight 
Total per gram of pro¬ 
feed ; tein consumed 
con- [ 

sumed: i 

30 days 1 fiOdays 

Beef extract. 

Per cent 
18 

efeo A 

Days 

15 

Grams i 
38 

Grams 

32 

Grams 

-6 

Grams Grams 
53:. 

Gram 

Do. 

18 

f>80 B 

15 

39 

30 


47 _ 


Do.-.-.. 

18 

680 C 

11 

40 1 

38 


44 . 


Do.. 

IS 

680 D 

11 

41 i 

37 

-4 

41 '. 


Do... 

IS 

680 E 

11 

.39 ' 

34 

-5 

36 !. 



18 

680 F 

11 

39 1 

34 

-5 

35 i.: 


Do.-. 

IS 

688 A 

31 

297 

239 

-58 

330 i. 


Do____ 

18 

688 B 

31 

176 

i;^o 

-46 

18:5 1 . 


Do.... 

IS 

688 C 

31 

230 

167 

-6:5 

1 S6 . 


Do... 

18 

68 S D 

31 

160 

123 

-;i7 

153 i._. 


Ox blood i heated in aulo- 
clavej-. 

20 

644 A 

10 

' 

38 ; 

34 

-4 

IS j- . 


Do.. . 

20 

644 B . 

10 

' 38 ' 

30 

: -10 i 



Do__ 

20 

644 C i 

10 

1 39 1 

Si 

-6 

19 :- 


Do.. 

20 

644 D 

10 

1 41 ! 

3;i 

: -s 

39 1. 


Do.. 

20 ! 

649 A 

28 ! 

! 274 1 

215 

' -59 

144 !. 


Do... 

20 ; 

m B 

28 ; 

i 234 : 

185 

-49 

139 . 


Do.--. 

20 

649 C 

28 

; 161 , 

121 

! -40 

SI ' . 


Do 

1 20 ! 

649 D 

28 

! 184 ; 

164 

1 -20 

139 :. 


Ox foloCKl.. 

50 1 

650 A 

10 

i 38 i 

29 

-9 

16 . 


Do.-. 

1 50 ! 

650 B j 

i 10 

lis , 

30 

! -8 

; 16 . 


Do. 

, 50 I 

650 C j 

10 

45 , 

34 

-9 

1 19_ 


Do. 

50 i 

650 D : 

10 

42 

32 

-10 

! 2 f» ; . 


Do.... 

i 50 i 

1 654 A 

! 21 

202 , 

139 

i -63 

; 61 i_. 


Do. 

50 

1 654 B 

1 21 

150 

107 

-43 

1 61 i. 


Do.. 

50 

654 r 

j 21 

161 

ia5 

-.56 

1 35 ' _ 


Do..-. 

: 50 1 

654 D 

! 21 

178 ' 

122 

-56 

1 53 . 


Do.. 

15 

692 A 

i 30 

44 

35 

-9 

i 45 .. 


Do 

15 

9fJ2 B 

1 30 

1 39 . 

34 

-5 

i 54 = . 


Do. 

' 15 

692 C 

30 

s 38 

36 

—2 

i 56 : . 


Do. 

15 

: 692 D 

30 

1 39 ' 

33 

i -6 

1 48 ' . 


Do.. 

15 

! 962 E 

30 

i 40 , 

35 

! -5 

i 48 ;. 


Do.... 

15 

1 692 F 

30 

i 40 ' 

31 

i -9 

1 s" i. 

!- 
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;>rr,:r-in 


PruttiH' 
in r.i- 
tion 


Pinr 

Xo. 


Durn- 
tinn of 
IfSt 


. Inirial 
weight 


Final 

weight 


Gain 
>4-,’ or 
loss ( —,1 
in 

weight 


I Gain in weight 
Total :per gram of pro¬ 
feed tein consumed 

con- _ 

sumed 


30 days; 60 days 


Xo. 1214.. 

Do .- - 

Do- .. 

Do. - 

r)<-, 

Pc ff 1}! 
10 

.... 10 
10 
10 
Ifl ' 

623 , 

623 B 
62:1 C 
02:4 D 
623 E 
623 F 

Dajin 

32 

42 

32 

32 

32 

32 

Grams 
3S 
3S 
42 
40 , 
40 
3S 

Grams 

70 

IS 

97 

65 

65 

72 

Grams 

--32 

-r55 

4-25 

-r34 

Grams 

15 :? 

134 

214 

149 

133 

154 

Grams 

2.11 

1.62 
2.71 
1.80 
2.02 
2. IS 

Grams 

Do . 

10, 








-i-32 



2.07 










_ 



Si. ram Xo. 12;.;7. 

_ IcT 

A 

30 

43 

46 

-^3 

109 i.. 



Do .. 

.. 10 

OoiJ B 

30 

40 

39 

-1 

94 

. 



Du .. 

10; 

c 

2S 

40 

45 


8S 




Du..- . 

Ifi 1 

D 

21 

45 

49 

-r4 

78 




Srrum .Xo. 1214. 

. 1,0 ' 

637 A 

62 

4.1 ■ 

100 

+55 ! 

324 


1.94 

1.21 

Do. 

. lu ' 

637 B 

62 

3S i 

140 

+102 

405 


2.53 

1.70 

Du .. 

M ' 

6;47 C 

62 

41 , 

173 

+132 ' 

471 


2.39 

1.90 

Do.. 

. In 

637 D 

62 

40 , 

122 

+82 

3S3 


2.48 

i 1.47 

Do. 

_ 1.1: 

f37 E 

62 

40 

13S 


413 


2.29 

1.62 

Do. 

. In ; 

6;j7 F 

6,2 

39 ! 

166 

+127 ' 

441 


2.33 

1 1.94 

Avt*r;i,gc _ 






+99 ’ 



2.33 

1.64 

Hcirwlohm. 

_' icT' 

624 A ' 

14 

3S ' 

32 

-6 ! 

35 

“ 


i. 

Do.. 

10 ; 

624 B 

14 , 

39 

30 ' 

-9 ; 

38 




I'no,... __.... 

10 1 

624 r 

14 

40 

32 

-S 1 

36; 




Do.. 

... . 10 i 

624 D 

13 

40 : 

32 . 

-S : 

31 





OX SEBUM 

Six young rats numbered 623 (fig 3 and Table 2) were fed a ration 
containing 10 per cent of serum protein. The rats grew at a rate 
far below normal for rats getting a ration containing 10 per cent of 
protein of good quality, such as that in veal (fig. 4). The rats fed 
the serum protein made an average gain in weight of only 2.07 gm. 
for each gram of protein consumed, as compared with a gain of 
2.86 gm. for the rats getting 10 per cent of veal protein (Table 3). 

A ration containing 10 per cent of protein from another lot of 
serum from the same factory was fed to rats numbered 656 (fig. 3 
and Table 2), but this ration was scarcely more than adequate for 
maintenance. 

Rats numbered 637 (fig. 3 and Table 2) were fed a ration contain¬ 
ing lo^per cent of protein from the same lot of serum as that fed to 
rats Xo. 623. This ration induced fair but not normal growth. 
These rats made an average gain in weight of 2.33 gm, for each 
gram of protein consumed during a 30-day period, as compared 
with a gain of 2.86 gm. for rats fed 10 per cent of veal protein during 
a like period (Table 3). 


ox HEMOGLOBIN 

ration containing 10 per cent of hemoglobin was fed to rats 
numbered 624 (fig. 3 and Table 2). This ration proved to be inade¬ 
quate even for maintenance, although food consumption was not 
much below normal. 
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Fig. 3.—Growth curves of rats fed dried ox serum and hemoglobin as the sources of protein in the 
rations. Eats numbered 623 and 656, respectively, were fed 10 per cent of protein from two 
different lots of serums. Rats numbered 637 received 15 i)er cent of serum protein, and rats 
numbered 624 were fed 10 per cent hemoglobin 



Fig. 4.—Growth curves of rats fed a ration containing 10 per cent of protein from ve^ 
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OX PALATES 

Kations containing 10 and 15 per cent, respectivelT, of protein from 
ox palates were fed to rats numbered 678 and 679 (fig. 5 and Table 3). 
The rats getting 10 per cent of protein grew very slowly and those 
receiving 15 per cent made only slightly better growth, Dming the 



Fig. 5.—Growth of rats fed ox palates as the source of protein in their diet. Eats num- 

berwl received 10 |>er cent, and rats numbered 679,15 per cent protein 


first 30 days of the test the rats receiving 10 per cent protein gained 
an average of only 1.22 gm. in weight for each gram of protein 
consumed, and those getting 15 per cent protein only 1.14 gm., as 
compared with a gain of 2.86 gm. for rats getting 10 per cent veal 
protein during a like period. 



Fig. 6 .—Growth curves of rats fcii hog snouts as the source of protein in iheir diet. Eats num- 
ImM 6H2 receivetl 10 fwr cent, and rats numbered 683,15 |>er cent protein 

HOG SNOUTS 


Rats numbered 682 and 683, respectively, were fed rations contain¬ 
ing 10 and 15 per cent of protein from hog snouts (fig. 6 and Table 3). 
The first group of rats made practically no growth, and the second 
group made only slight growth during a period of 29 days. Food 
WEsumption was approximately normal. 
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PORK CRACKLINGS 

Two lots of cracklings were fed to rats numbered 697 and 731, 
respectively, the first group receiving 15 per cent protein, the second 
group 20 per cent (fig. 7 and Table 3). It is evident that these rations 
were only approximately adequate for maintenance, the first group 
making a slight average gain and the second group a slight average 



Fig. T.—Growth curve? of rats fed pork cracklings as the source of protein in their diet. Rats 
numbered 697 were fed a ration containing 15 per cent of protein from one lot of cracklings; rats 
numbered 731 received 20 per cent of protein from another lot of cracklings 


loss. It may be recalled tharo per cent of protein of good quality 
is adequate for maintenance and 10 per cent for approximately 
normal growth. 

CALF LUNGS 

A ration containing 10 per cent of protein from calf lungs was fed 
to rats numbered 725 (fig. 8 and Table 3). These rats made fair, 



Fig. S.—Growth curves of rats fed a ration containing 10 per cent of protein from calf lungs 


though somewhat subnormal, growth. The growth curves are 
rather irregular, but the reason is not apparent. From Table 3 it 
appears that the rats getting 10 per cent of protein from calf lungs 
made an average gain in weight of 2.02 gni. for each gram of protein 
consumed during a period of 30 days as compared with a gain of 2.86 
gm. for the rats getting 10 per cent of veal protein. 
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Oram 

Total 

per gram of pro- 


Prr.teii; 
in fa- 

Rat 

Xu 

Dura- 
rion of 

Initial 

Final 

weight 

loss 

feed 

eon- 
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DISCUSSION OF RESULTS 

In the experiments reported in this paper each meat product was 
the only source of protein in a ration which was adequate in other re¬ 
spects for growth, and the results obtained indicate the apparent 
value of a product as a source of protein for maintenance and growth 
only under these conditions. Although a protein may be inadequate 
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for growth when used alone in a ration, owing to a deficiency of one 
or more essential amino acids, the same protein may give much 
better results when fed in combination with other proteins which 
supply the lacking amino acids. 

BEEF EXTRACT 

A ration containing IS per cent of so-called crude protein'’ 
(nitrogen X 6 . 2r5) from beef extract, but in reality only approxi¬ 
mately 9 per cent of true protein compounds, was fed to young and 
to mature rats with very unsatisfactory results. In neither instance 
was this ration adequate even for maintenance, much less for growth, 
although only 5 per cent of protein of good quality is required for 
maintenance. 

Although it appears that the nitrogenous compounds in beef ex¬ 
tract are of poor nutritive quality, it is not to be inferred that the 
product has no value in the diet. Beef extract represents in high 
concentration the flavoring constituents of beef, and for that reason 
it has a distinct value for culinary purposes. Beef extract is also 
rich in phosphates, but its chief value appears to lie in the stimulating 
eflfect which it exerts upon the digestive processes. 

BLOOD 

The experiments with both dried blood and hemoglobin are un¬ 
satisfactory as a measure of the nutritive value of the protein in these 
products on account of the dislike which the rats showed for them. 
This aversion was indicated by the behavior of the rats but more 
particularly by the record of the food intake. Various expedients 
were used to increase food consumption, but without much success. 
It appears that the albino rat is not a satisfactory animal for the 
estimation of the nutritive value of dried blood and hemoglobin, and 
that the information must be obtained with other animals. 

The experiments with dried serum show that 10 per cent of protein 
from that source was sufficient only for A’ery slow growth in rats, but 
15 per cent protein induced fairly satisfactory, though not normal 
growth. Since 10 per cent of muscle protein is practically sufficient 
for normal growth, it appears that serum protein has a much lower 
nutritive value. 

ox PALATES 

The experiments reported indicate that the protein in ox palates 
is deficient in certain essential amino acids, since rations containing 
10 and 15 per cent ^ respectively, of protein from this source induced 
only very slow growth. These results were to have been expected 
since ox palates consist chiefly of connective tissue with a small pro¬ 
portion of muscle. The fact that the protein in ox palates is fairly 
well digested {8} is, of course, not a correct indication of its nutritive 
value. 

HOG SNOUTS 

Rations containing 10 and 15 per cent, respectively, of protein 
from hog snouts were only slightly more than adequate for main¬ 
tenance purposes. Since the hog snouts used consisted almost 
entire^ of connective tissue and fat, and apparently no muscle tissue, 
these results were to have been expected. 


^ Ten i>er cent of animal prctein of good nuaiity, such as that in muscdc tissue, is praetieally ade<i«»te 
for normal growth in albino rats. 
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CRACKLINGS 

Katioos containing 15 and 20 per cent, respectively, of protein 
from two lots of cracklings proved to be only barely adequate for 
maintenance. Since these cracklings consisted chiefly of connective 
tissue and only a very little muscle tissue, the results are as expected. 
In view of these findings, statements that cracklings have as high 
nutritive value as tankage for feeding hogs seem open to question. 

SUMMARY 

In this paper are reported the results of feeding tests with rats to 
determine the relative nutritive values of the proteins in several meat 
products when each was the sole source of protein in the diet. 

The total nitrogenous compounds in beef extract were found to 
have a very low value for maintenance and growth in rats. A ration 
containing IS per cent of so-called “crude protein(nitrogen X 6.25), 
or approximately 9 per cent of true protein, was inadequate for 
mamtenarice. 

Dried blood and hemoglobin were veiy distasteful to rats, and 
food consumption was so low that no statement concerning the 
nutritive value of the protein in these products is warranted. 

Serum protein had a considerably" low^er nutritive value than 
muscle protein. Fifteen per cent of serum protein was somewhat 
inadequate for optimal growth. 

The protein in ox palates was evidently deficient in certain amino 
acids, since 15 per cent of protein from this source induced only very 
slow growth. 

Hog snouts and pork cracklings also contained incomplete proteins, 
since 15 per cent of protein from either source was adequate only 
for maintenance. 

The protein in calf lungs was of fair quality, 10 per cent being 
siiflScient for moderate growth. 
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THE GROWTH OP OPHIOBOLUS GRAMINIS SACC. IN 
RELATION TO HYDROGEN-ION CONCENTRATION* 


By Robert W, Webb and Hurley Fellows, Associate Pathologists^ Office of 

Cereal Crops and Diseases^ Bureau of Plant Industry, United States Depart^ 

ment of Agriculture - 

INTRODUCTION 

Several investigators have observed an apparent influence of soil 
reaction on the occurrence and severity of the take-all disease of 
wheat caused by Ophioholus graminis Sacc. In general, it has been 
considered that alkaline soils favor the disease, but this point has 
not been definitely settled. A study of the literature shows that the 
experimental data dealing with this problem are rather incomplete, 
and that the vague term “alkaline soil’’ generally refers to soil to 
which alkaline substances, particularly lime, have been added at 
one time or another. With the exception of one case, all observations 
have been made in the field and, as no hydrogen-ion determinations 
have been made for the soils in question, it is impossible to correlate 
the occurrence and severity of the disease with active acidity or 
alkalinity. 

Recently, Kirby (7, 8) ^ and Davis (4) have studied the influence 
of the reaction of nutritive media on the growth of the parasite in 
pure culture. Kirby concluded that the fungus grows best on a 
highly alkaline medium, whereas Davis’s results indicate that a 
neutral or slightly acid medium is most favorable for growth. Their 
experiments were rather limited, and in view* of this fact it is difficult 
to draw’ definite conclusions from their results. The work on this 
phase of the subject has been summarized by McKinney (9). 

In order to gain additional information on this problem and to ex¬ 
plain, if possible, some of the apparent inconsistencies, it seemed 
important first to conduct a series of experiments wdth the parasite 
in pure culture. Accordingly, the growth of the fungus has been 
studied under different hydrogen-ion concentrations on each of 
several synthetic and nonsynthetic types of liquid and solid media 
and under different environmental conditions. The results of these 
experiments are presented in this paper. 

MATERIALS AND TECHNIQUE 

ORGANISM 

A single-spore strain of OpMobolus graminis was used throughout 
this study. The fungus w^as isolated by R. S. Kirby from a single 
ascospore obtained from a wheat plant growing in the State of New 
York and affected with the take-all disease. A culture of this single- 
spore isolation was furnished to H. H. McKinney. He and E. J. 
Davis have kept the fungus in prime condition by repeated passage 


1 Received for publication May 29,1926; issued November, 19^. The studies herein reported were eon- 
ductetl in cooperation with the Wisconsin Agricultural Experiment Station. 

2 The writers express appreciation to H. H. McKinney for suggesting the problem and assisting in the 
preparation of the manuscript, to lames Johnson for the use of apparatus in the electrometric determina¬ 
tions of the hydrogen-ion concentration, and to C. R. Ball and A. U. Johnson for assistance in revising the 
manuscript. 

2 Reference is made by number (italic) to “Literature cited,” p. 871. 
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triroiidi wheat plants and by single aseopore isolations from the 
fungus growing in pure culture. 

Potato-dextrose agar proved to be the most favorable medium, 
and stock cultures were made in both test tubes and Petri dishes. 
The medium was made in the usual w'ay: Potatoes 300 gm., dextrose 
30 gm., agar 20 gm., water 1,000 c. c. All stock cultures were 
allowed to"grow" at room temperature either in the dark or in very 
subdued light, and only young and vigorous grow"ing cultures w"ere 
used as sources of inoculum. An incubation interval of 14 to 21 
days for stock cultures proved satisfactory for all purposes. 

METHOD OF CULTURE 

The stock nutrient media for the experiments reported in this' 
paper were made on the basis of a concentration; that is, 500 

c. c. of w-ater were used instead of 1,000 c. c. as specified in the for¬ 
mulae. This method, which has been described in detail by Karrer 
and Webb (6), permits dilutions of the various solutions by the addi¬ 
tion of regulated quantities of acid or alkali and w^ater for the adjust¬ 
ment of hydrogen-ion concentrations without disturbing the concen¬ 
trations of the various constituents. The acid and alkali employed 
W"ere HCl and NaOH, A strength of N/5 was very satisfactory 
alwuiys for the acid and, in most cases, for the alkali. In a few in¬ 
stances, how"ever, w"hen relatively large quantities of alkali w-ere 
desired, a strength of N/1 w"as necessary. 

Erlenmeyer culture flasks of 150 c. c. capacity w"ere used, and in all 
cases each flask contained 50 c. c. of the nutrient solution. A 25 c. c. 
portion of the particular (2X) culture medium was pipetted into each 
flask, and sufficient w"ater to equal the difference betw^een 50 c. c. 
and the sum of the volumes of the nutrient medium and the acid 
or alkali w"as added. The flasks were plugged with cotton and auto¬ 
claved for 30 minutes at 15 pounds pressme. Similarly, the acid 
and the alkali w'ere sterilized separately. After cooling, the cultures 
were removed to a culture chamber and definite quantities of sterile 
acid and alkali were added with sterile, graduated pipettes. The 
separate sterilization of the acid, the alkali, and the nutrient medium 
minimizes any reaction on the part of the sugar. Moreover, the final 
volume of the culture solutions in each case represents a dilution of 
the constituents comparable with that specified in the original for¬ 
mula, The solutions were allowed to stand at least for a period of 
24 hours in order to reach a state of equilibrium before the hydrogen- 
ion determinations were made. Certain color transformations 
occurred from the addition of alkali, but these will be discussed later. 

Similar methods wrere adopted for the solid media. Large quan¬ 
tities of the 2X culture fluid to which 2 per cent bacto agar had been 
added were pipette, while warm, into 1,000 c. c. flasks. Calculated 
quantities of water were added to each, the flasks were plugged, and 
. the culture were sterilized intermittently on three successive days 
for a period of 15 minutes at 13 pounds pressure. After the third 
sterilization and before cooling, regulated quantities of acid or alkali 
were added to the flasks and the solutions were vigorously shaken. 
These stock solutions then were poured into sterile Petri dishes, and 
usuallj there were 6 to 8 plates for each reaction. The plates em- 
^ojrf were 9 cm. in diameter and the volume of medium in each 
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ranged from 20 to 25 c. c. Hydrogen-ion determinations were made 
immediately with the remaining portions of the stock solutions. 
Transformations in color and difficulties with setting were encoun¬ 
tered in certain instances, but the^ will be discussed later. Usually 
6 to 8 liters of the 2X solution or of the 2X agar were made at the 
same time, so all the data represent uniformity for a particular 
medium. 

All operations pertaining to the culture work were performed in a 
culture chamber, and every precaution was taken to prevent con¬ 
taminations. The interior parts of the culture chamber were washed 
with 1:1,000 HgCh and the cultures and all necessary apparatus were 
then deposited. Dust particles within the chamber were precipi¬ 
tated by means of live steam floTiung into the chamber for a period 
of several minutes. During long operations, live steam was permitted 
to flow periodically and no cultures were disturbed until everything 
had become settled. It is of interest to note that only about 2 per 
cent of the flask cultures became contaminated. Petri-dish cultures 
showed a somewhat higher percentage of contamination on account 
of the fact that the covers were removed daily to permit accurate 
measiuements of the colonies. 

CULTURE MEDIA 

The adjusted Ph values for each of the liquid and solid media 
used are given in Table 1, together with the quantity of acid or 
alkali necessary for such adjustment. 

The formula for the potato-dextrose decoction is as follows: 300 gm. 
of potatoes, 30 gm. of dextrose, and 1,000 c. c. of water. The potatoes 
were peeled, cut into small pieces, autoclaved for one hour at 15 
pounds pressure, and filtered through absorbent cotton while hot. 
Dextrose was added, the solution w'as thoroughly stirred, and regu¬ 
lated portions were pipetted into flasks. The decoction always tested 
Ph 0.7 or Ph 5.8, and the buffer action vras very good. With a 
dilution of 10 times, the decoction tested Ph 6.0, and with a dilution 
of 30 times, it tested Ph 6.2. 

Czapek’s full nutrient solution was made according to the formula 
used by Karrer and Webb {6): -MgS04, 0.5 gm.; KH2PO4, 1.0 gm.; 
KCl, 0.5 gm.; NaNOs, 2.0 gm.; FeS04, 0.01 gm.; cane sugar 30 gm.; 
HoO, 1,000 c. c. This nutrient solution also was used in two modified 
forms. In one case nucleic acid was substituted for the sodium 
nitrate. In the other case, caramelization was produced by pro¬ 
longed autoclaving as follows: A large quantity of the nutrient solu¬ 
tion was made upon a basis of lOX concentration, autoclaved for 
two or four hours at 15 pounds pressure, diluted to 2X, and pipetted 
into the culture flasks. 

The corn-meal decoction was prepared in the following manner: 
150 gm. of corn meal w^ere added to 1,000 e. c, of w'ater. The mixture 
was then heated over a flame, brought to a slow" boil, filtered twice 
through tw"o thicknesses of cheesecloth, and finally filtered through 
absorbent cotton. 

Solid media w-ere made in all cases by the single addition of bacto 
agar to the liquid media at the rate of 20 gm. per liter. 

A knowledge of the factors or conditions wffiich stimulate growth 
in the alkaline cultures of potato-dextrose agar should prove valuable. 
Reference is made to the increasing browning with increasing additions 
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of alkali This in itself indicated that chemical changes were taking 

place, but little definite information relative to the occurrence and 

the desree of such changes in cultui'e media is available. 

* 

Table 1.—Liquid and solid media adjusted to various hydrogen-ion concentrations 
hij regulated addiiiotis of X‘o hydrochloric acid or Xjo sodium hydroxide 
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HYDEOGEN-ION DETERMINATIONS 

Hydrogen-ion determinations .of all liquid media were made at 
room temjwrature and of all ^lid media at 60° to 70° C. by both the 
colorimetric and electrometric methods, as described in detail by 
Oark (S). The liquid media were allowed to stand 24 hours at room 
ian^ratiUre before being tested. The various types of solid media 
k “ * water bath at 60° to 70° C., followii^ the last steril- 
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ization and subsequent additions of either acid or alkalij and were 
tested as soon as possible. Such factors as time and temperature 
proved extremely important. The presence of color necessitated 
the use of a comparator and colorimeter, the intensity of the color 
determining which to use. A standard instrument, modified and 
calibrated to meet the requirements of this work in accordance with 
the method described by Duggar (Jj, was employed. Czapek’s 
solution gave a bluish-green color upon the addition of the brom- 
phenol blue indicator, and it was impossible to get good agreements 
between these colors and those of the buffer standard solutions, 
particularly near Ph 3.0. Electrometric determinations were made 
for the cultures beyond the alkaline range of the indicators, and 
sufficient electrometric tests also were made on the culture solutions 
and on the standard buffer solutions to verify the colorimetric method. 

The methods employed for the final hydrogen-ion values of the 
substrate were similar to those for the initial determinations. The 
fungus generally produced a definite mat in the favorable cultures 
of the liquid media, and filtration therefore was simple. The fil¬ 
trates were tested both^cb\orimetrieally and electrometrically. In 
the case of the solid media, the substrates were cut into small pieces 
and the agar blocks from duplicate cultures were transferred to clean 
Erlenmeyer flasks. The flasks were placed in a water bath with a 
temperature of 60° to 70° C. and kept there until the substrates were 
liquefied. The fragments of fungous mats floated to the surface 
and were removed. 

Marked changes in the reaction of alkaline solid media occurred at x* 
the temperatures employed for liquefaction of the agar. The changes 
varied more or less directly with the amount of alkali present, the 
temperature employed, and the time involved. When agar cultures 
were kept in a water bath at 60 to 70° C. while the hydrogen-ion 
determinations were being made, it soon became apparent that the 
electrometric and colorimetric methods of determination gave differ-, 
ent results. A period of 15 to 20 minutes generally was necessary for 
equilibrium to be reached by the electrometric method, and the 
values so obtained were usually a few^ tenths of a Ph less than those 
obtained immediately by the colorimetric method. If, however, 
colorimetric determinations w^ere made at the time that the electro¬ 
metric readings were made, the values of the tw^o methods were prac¬ 
tically identical. More imiform results were obtained when the cul¬ 
tures were kept in a water bath at a constant temperature of 60° C. 
than when they ’were subjected to live steam in an Arnold sterilizer 
for short periods. Intense browning occurred in the most alkaline 
cultures, and rather high dilutions ’were necessary for the colorimetric 
determinations. The immediate colorimetric figures are believed to 
represent more nearly the exact reactions of the poured plates than 
do the delayed electrometric values. The speed with which colori¬ 
metric determinations can be made therefore reduces the time factor 
to a minimum, and this is a decided point in favor of this method 
for agar determinations. It is regrettable that the range of indi¬ 
cators is limited on the alkaline side and that wider application of 
this method is thus prevented at the present time. 

The hydrogen-ion values in the tables represent initial and final 
determinatins for both inoculations and controls. Reactions extend¬ 
ing almost throughout the entire range were obtained with each 
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mediiini. and especial attention has been given to the study of the 
influence of slight acidity, of neutrality, and of slight alkalinity on 
the growth of "the organism. Aside from these desired concentra¬ 
tion^, the range has been conveniently but not equally subdivided. 

INOCULATION AND INCUBATION 

The inoculum consisted of young mycelium groTO on potato- 
dextrose agar in Petri dishes. The age of the cultures generally 
varied from 14 to 21 days, and the mycelium was always taken from 
a concentric zone about 2 cm. in width near the peripheiy of the 
fungus eolomv Agar containing such mycelium was cut into small 
blocks about"4 mm" square, and one such inoculum block was placed 
in each culture. With the liquid media, some of the blocks would 
naturally sink and others would not. However, by rotating the 
flasks vigorously, all of the blocks were made to sink. The growth 
data for the liquid media, therefore, represent growth which initially 
was submerged. 

Similarly, an inoculum block was placed on the surface of the agar 
in the center of each Petri dish. Adequate uninoculated controls 
were included for the experiments involving both liquid and solid 
media. 

The cultures for the most part w^ere incubated in large glass cham¬ 
bers located in a greenhouse, and the temperature and humidity in 
these chambers w’ere controlled by automatic regulators. The cul¬ 
tures w’ere placed in single row's on shelves near one of the glass walls 
of the chamber and were protected from direct sunlight by shades 
and screens. Certain of the cultures were incubated in the dark. 
Heavy black paper was properly cut, fitted around each flask, and 
held in place by a rubber band at the neck of the flask. Black hoods 
made of the same material were placed over these flasks and all light 
w’^as thus excluded. The hoods were removed each day for a few 
minutes in order to promote aeration more or less comparable with 
that in the unhooded cultures. The Petri-dish cultures were placed 
in sterile paper bags and incubated in the laboratory incubators; 
the bags were removed under sterile culture-chamber conditions for 
a few minutes each day wiiile growth data for the organism were 
being recorded. 

During the late spring, temperatures w’ere not easily controlled in 
the greenhouse chambers, and it became necessary to employ exclu¬ 
sively the incubators located in the laboratories. The temperatures 
in these incubators w^ere regulated wdthin 1 degree, but there w^as no 
control for humidity, and the cultures grew in total darkness. 

CHEMICALS 

High-grade chemicals were used throughout this investigation, 
and the most careful technic was employed in all instances. To 
eliminate the high acidity of the monobasic potassium phosphate, 
this salt w^as reerystalked until the Sorensen coefficient of Ph 4.529 
for 1/15 molecular solution was obtained. Doubly distilled lake 
water, testing Ph 6.3 to Ph 6.5 distilled first from an ordinary still 
and finally from a Bourdillon still with a block-tin condenser, wras 
11^ in all of the experiments reported. A few crjrstals of potassium 
bisulphate were used in the Bourdillon still, as modified and described 
Bennett and Dickson (f). 
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GLASSWARE 

The highest-grade flasks, pipettes, and burettes were used through¬ 
out the investigation. All glassware was thoroughly seasoned in the 
beginning by being autoclaved in chromic-acid cleaning mixture for 
a period of one hour. The glassware was scrubbed with soap and 
hot water, soaked in chromic-acid cleaning mixture, washed repeatedly 
in tap water, rinsed in singly and in doubly distilled water, and pro¬ 
tected from dust until needed. 

EXAMINATION OF CULTURES 

The experiments involving liquid media were conducted either in . 
duplicate or in triplicate, and those involving solid media generally 
included 6 to S plates at each reaction. All cultures were inspected 
daily and records made accordingly. The growth data presented in 
this paper represent averages of these cultures. Dry weight of 
mycelium has been used as tfc criterion of growth in liquid media and 
diameter of colony for that in solid media. The substrate and fun¬ 
gous mat together were removed from each culture and filtered by 
suction through a Buchner funnel on a previously dried and weighed 
filter paper. The fungous material was washed several times with 
distilled water, the papers were then folded so as to prevent loss of 
material, and dried in an oven at 100° C. until a constant weight was 
obtained. An interval of from 24 to 48 hours was adequate. A 
definite time interval was allowed for the weighing of each empty 
filter paper and each filter paper containing fungous material. 
Where growth was veiy poor, as in Czapek^s solution, much more 
consistent results were obtained for growth than when the papers 
were weighed without consideration of this point. 

EXPERIMENTAL RESULTS 

In presenting the results of the study, the data on the growth on 
solid media are given first, followed by similar data for the corre¬ 
sponding liquid media. The length of the incubation period and the 
temperature proved to be important factors with a direct bearing on 
the results obtained. The effects of these factom are considered 
subsequently under respective subheadings. 

GROWTH ON SOLID MEDL 4 ADJUSTED TO DIFFERENT REACTIONS 

In general, Ophioholus graminis grew better on a solid substrate 
than in a liquid one. The rates of grow-th and the total quantities 
of growth within the favorable Ph ranges w'ere more uniform for the 
several solid media tested than they w^ere for the corresponding 
liquid media. Different criteria for grow'th necessarily were em¬ 
ployed; that is, diameter of colony for the solid media and dry 
w^eight of the fungus for the liquid media, but the two methods were 
found to give more or less comparable results. The growth curves 
for the several solid media and the relations between the growth curves 
for the corresponding solid and liquid media will be discussed briefly. 

The ph3’^sical nature of the medium influenced the range of growth 
and the magnitude of grow^th quantities more in the case of potato 
dextrose than in any other. The range of growth was very restricted 
in potato-dextrose decoction, extending only from Ph 3.6 to Ph 7.7."" 
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On potato-dextrose agar, however, the range expanded slightly on 
the acid side and markedly on the alkaline side, the growth range 
extending from Ph 3.2 to Ph 10.3. Two series of cultures on potato- 
dextrose agar were incubated in the dark at 24° C. The cultures 
were examined daily and remarkably consistent data were obtained, 
as shown by Table 2. A period of two days was necessary for growth 
to become measurable, and the growth increased and the limits 
expanded uniformly with increase of incubation period. At the 
end of seven days, growth occmxed in all cultures between Ph 3.2 
and Ph 9.6, and the colonies entirely filled the plates of cultures 
testing Ph 5.6 and Ph 5.9. Growth was very small in the most acid 
cultm*es, increased rather gradually to a maximum at Ph 5.6 to 
Ph 5.9, decreased to a minimum at Ph 9.2, and finally exhibited a 
tendency to increase in the most alkaline cultures. The growth 
curve for the second series is presented in Figure 1 with those from 
other solid media. The bimodal tendency was very pronounced 
and consistent in both series. An additional 6-day period of 



Fig. 1. Influence of the hydrogeurion concentration on the growth of Ophiobolus graminis on four solid 
media in a period of six days in the dark at 24® C. 


incubation furnished very similar relations. The range of growth 
remained the same as before, i. e., Ph 3.2 to Ph 9.6; the bimodal tend¬ 
ency became more conspicuous, and growth covered the entire plates 
of those cifitures testing Ph 4.8 to Ph 7.1 and Ph 9.6. 

Caramelization of the potato-dextrose agar occurred in the most 
alkalme cultures and increased somewhat proportionally, as deter- 
nimed by the ini^nsity of the brown coloration, with the quantity of 
alkali added. The stimulation of fungous growth seemed to be 
correlated more or less directly with this phenomenon up to a certain 
point. testing Ph 9.1 and Ph 9.2 were the most alkaline of 

these which did not show caramelization, and here the growth curve 
reached a minimum. Between the reactions of Ph 9.2 and Ph 10.3 
e growth curve rose consistently and reached a maximum near 
xh 9.5. olight caramelization of the alkaline cultures in Czapek^s 
smution likewise caused marked stimulation of fungous growth, 
whereas pronounced caramelization proved toxic to the fungus. 
Undoubteffiy the conditions for growth in caramelized cultures are 
considerably different from those in noncaramelized cultures. 




Table 2. —The growth of Ophioholus graminiSi the changes in reaction induced hy growth^ on potato-dextrose agar for various periods in 

the dark at 24° C, 

FIRST SERIES 

Hydrogen-ion concentration, Ph 

—-j---^--;- Average diameter of colonies in centimeters after— 
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F=trace of growth on edges of inoculum block. t E== growth entirely covered 9-centimeter Petri dish. 
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Growth was very rapid on corn-meal agar at 24*^ C., and the 
fungus colonies covered the entire plates at the majority of the 
different initial reactions wdthin a period of eight days. The results 
given ill Table 3, and represented by one of the curves in Figure 1, 
show that the growth range extended to the limits of the experiment, 
i. e., Ph 4.0 to Ph 11.7, and that maxima occurred at Ph 5.2 and at 
Ph 9.3. A diminution in growth appeared at Ph 8.3 and this value for 
the corn-meal agar is very close to that furnished by the corn-meal ^ 
decoction. This point may prove to be the isoelectric point of this 
medium, as determined by the grow^th of the fungus, but no definite 
statement can be made at this time. With six additional days 
of incubation, the range of best growth expanded and the colonies 
covered the entire surfaces of the cultures, ranging from Ph 4 to 
Ph 10.4. The most alkaline culture, possessing a reaction of Ph 
11.7, vras not far removed from the point of inhibition of growth. 
The most acid culture, i. e., Ph 4.0, did not even approach such 
a value. 

The modified Czapek’s full nutrient agar containing nucleic acid in 
place of NaNos furnished interesting growth data, as shown by Table 
4 and one curve in Figure 1. Growth on the solid, medium was very 
good and much better than that in the corresponding liquid medium. 
The rate and the quantity of growth in the favorable cultures re¬ 
sembled that produced by potato-dextrose agar. Incubated at 24° C. 
in the dark for a period of seven days^ growth occurred in all the 
cultures ranging from Ph 4.7 to Ph 11.3, and the colonies entirely 
covered the plates within the range of Ph 6.9 to Ph 10.1. Maximum 
growth, however, was obtained at Ph 9.6 on the sixth day of incuba¬ 
tion, which was the day before the colonies covered the plates within 
the range mentioned. With prolonged intervals of incubation, the 
range of best growth expanded until it extended from Ph 4.7 to Ph 
11.3 on the thirteenth day. No growth was obtained at Ph 3.0 or 
at Ph 11.8 and only slight growth at Ph 3.6. 

Growth data from cultures on caramelized Czapek^s agar (Table 4) 
resembled very closely those from cultures on Czapek's nucleic-acid 
agar. There is a striking similarity between the results of the two 
series, as shown by the growth curves of Figure 1. Because of the 
high acidity or of other chemical changes produced during the process 
of caramelization, the caramelized Czapek agar did not gel to the 
usual degree, Measmements of growth were particularly difficult to 
make under such conditions, especially as the fungus tended to grow 
less superficially and as the color contrast between fungous growth 
and medium was very slight. The range of growth extended from 
Ph 3.8 to the limit of the experiment, namely, Ph 10.9, and maximum 
growth occurred from Ph 8.8 to Ph 9.6 +. The curve ascended to 
and descended from tliis conspicuous peak rather rapidly. The most 
acid cultures were incubated for an additional 5-day period, but the 
increase of growth in these cultures was remarkably small. These 
results may be found by reference to Table 4. 

A considerable number of shifts in the reaction of the solid sub¬ 
strates were induced by the fungus during growth. In potato- 
dextipse agar, Table 2, the shifts were generally in the direction of 
^kalimty and the degree of the shift varied somewhat with the 
initial reaction. The changes were consistent for both series of 
potato-dextrose agar after 7 days' growth, but reversible shifts 
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appeared after 14 days’ growth in the acid cultures of the first 
series which exhibited best growth. ^ Growth was generally less in 
the second series than in the first series. The cultures either main¬ 
tained their reactions or became more alkaline with prolonged 
incubation, and there were no indications of reversible shifts. The 
degree of the secondary shift in potato-dextrose agar was smaller 
as compared to that in potato-dextrose decoction. Buffer action is 
much stronger in potato-dextrose agar than in potato-dextrose 
decoction, and this may assist in explaining the variations. 

Corn-meal agar, as influenced by growth of the fungus, showed 
changes in reaction of the medium somewhat similar to those of 
. potato-dextrose agar. The reaction of the acid cultures shifted 
towards alkalinity and attained an alkaline value in many cases, 
whereas that of the alkaline ones either remained constant or became 
slightly less alkaline. Pinal determinations of the most alkaline 
uninoculated controls showed a considerable diminution of alkalinity 
upon standing seven days. These results are included in Table 3. 

The fungus produced very slight changes or none at all in the 
Czapek agar containing nucleic acid and in the caramelized Czapek 
agar. Marked changes occurred in the reaction of the most alkaline 
inoculated cultures, but the changes were no greater than those in 
the corresponding uninoculated controls. Table 4 contains the data 
for the caramelized and the nucleic-acid Czapek agar. 

Table 5. —The growth of Ophiobolus graminis, and the changes in reaction induced 
by growth, in potato-dextrose decoction of dijferent initial Pff values, temperatures, 
and periods of incubation m the dark 


Incubation 

Hydrogen-ion concentration, 
Ph 

Dry 

weight of 
fungous 
mat 

Temper¬ 

ature, 

.. '‘C. 

Time in 
days 

Initial 

Final 

Control 

Inocu¬ 

lated 






Gm. 



( 2.9 

2.9 

2.9 

0.0000 



3.9 

3.8 

4.9 

.0664 



4.9 

5.0 

7.0 

. 1456 



5.8 

5.8 

7.4 

.1219 

10 

27 

6.7 

0.7 

7.3 

.1382 



7.1 

6.9 

7.4 

.1281 



7. 5 

7.4 

7.8 

.1002 



8.4 

8.2 

7.9 

.0108 



8.8 

8.5 

8.5 

.0000 



2.9 

2.9 

2.9 

.0000 



3.9 

4.0 

4.4 

.1378 



4.9 

4.9 

7.2 

.2020 

24 

12 

5.7 

5.6 

7.3 

.1971 



6.5 

6.4 

7.2 

.1880 



6,9 

6.8 

7.3 

.1758 



7.4 

7.2 

7.3 

.2123 



8.3 

8.1 

8.1 

.0000 


GROWTH ON LIQUID MEDIA ADJUSTED TO DIFFERENT REACTIONS 

f'' The results indicate that the influence of the hydrogen-ion concen¬ 
tration on the growth of Ophiobolus graminis varies considerably, 
and depends to a large extent upon the nutritive relations and other 
factors. The organism is capable of growing throughout a wide 
range of hydrogen-ion concentrations in all media employed, except 
potato-dextrose decoction. Referring to Tables 5 and 6 and to 
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Figures 2, 3, and 4 it will be seen that on potato-dextrose decoction 
the fungus had a relatively restricted range, i. e., Ph 3.6 to Ph 7.7. 
Despite the fact, however, that such a narrow range for growth 
occurred in this medium, it consistently produced excellent growth 
at the favorable reactions, and therefore is regarded as the best 
medium employed in this study. 


Table 6. —The groioth of Ophiholus graminis, and the changes in reaction induced 
by growth, in potato-dextrose decoction in diffused light at different te^nperatures, 
periods of incubation, and initial Pjj values 


Incubation 

Hydrogen-ion concentration, 
Ph 

Dry 

weight of 
fungus 
mat 

Temper¬ 

ature, 

1 

I 

Time in 
days 

Initial 

Final 

Control 

Inocu¬ 

lated 


I 




Gm. 


i 

2.9 

2.8 

2.8 

0.0000 



3.9 

3.8 

4.0 

.0077 


i 

4.9 

4.9 

5.1 

.0100 



6.8 

5.8 

6.1 

.0114 



6.7 

6.6 

6.9 

.0169 


1 

7.1 

6.9 

7.1 

.0078 



7.5 

7.4 

7.1 

.0070 


j 

8.4 

8.2 

8.0 

.0000 


1 

2.9 

3.0 

2.9 

.0000 


1 

3.6 

3.5 

3.6 

,0007 



4.1 

41 

4.4 

.0243 


1 

4.9 

5.0 

5.7 

.0357 

16 

12 ' 

5.8 

5.9 

6.6 

.0416 


♦ j 

6.4 

6.5 

6.8 

.0529 



6.8 

6.7 

7.0 

.0565 


i 

7.2 

7.0 

7.1 

.0617 


j 

7.7 

7.4 

7.4 

.0091 



8.4 

8.2 

8.0 

.0000 


1 

2.9 

2.9 

2.9 

.0000 


1 

3.6 

3.5 

3.6 

.0065 


! 

1 

4.1 

41 

5.0 

.0811 



4.9 

49 

6.6 

.0717 

20 

13 ' 

5.8 

6.1 

7.2 

.0841 



6.4 

6.2 

7.3 

. 1226 



6.8 

6.6 

7.6 

.1405 



7.2 

7.0 

7.6 

.1377 



7.7 

7.3 

7.3 

.0107 



8.4 

8.1 

8.0 

.0000 


1 

2.9 

3.0 

3.0 

.0000 


i i 

3.6 

3.5 

3.5 

.0027 


1 1 

41 

4.1 

4.4 

. 0326 


1 1 

4.9 

48 

5.3 

.0367 

24 

! 8 1 

5.8 

5.7 

6.3 

.0471 


i ° ! 

6,4 

6.4 

6.7 

. 0677 



6.8 

as 

6.9 

. 0584 


i 1 

7.2 

7.1 

7.2 

.0723 


1 i 

7.7 

7.4 

7.4 

.0035 


! 1 

8.4 

&3 

8.2 

.0000 


t j 

2.9 

2.9 

2.9 

.0000 


1 ! 

3.9 

41 

4 7 

.1053 


1 

^'2 1 

6.0 

7.3 

I . 1959 

24 

1 12 ! 

6.7 

6.1 

7.4 

. 2021 



6.5 

1 6.8 

7.5 

.1985 


! ' 

6.9 

6.8 

7.5 

.1884 


1 j 

7.4 

7.4 

7.6 

.1914 


' 1 

a3 

ai 

8.1 

,0000 



2.9 

2.9 

2.9 

.0000 



3.6 

3.6 

3.6 

.0000 



41 

4.1 

3.9 

.0114 



49 

5.0 

5.2 

.0148 

28 

12 < 

5.8 

5.8 

5.9 

.0344 



6.8 

6.4 

6.8 

.0515 



7.2 

6.8 

6.8 

.0228 

! 

i 

7.7 

7.3 

7.4 : 

.0116 


]i 

8.4 

7,9 


.0000 













Fiq. 4.-“Influeiice of the hydrogen-ion concentration on the growth of Ophiobolus graminis in potato 
dextrose decoction at different temperatures for a period of 12 days in diffused light 
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A corn-meal decoction, as shown by Table 7, furnished growth at 
concentrations fromPn 3.6 to Ph 12.1. Two series of experiments 
were conducted in the dark for 12 days at 24° C. The first series 
produced only from one-third to one-fifth as much growth, on the 
average, as the second. Figure 3 contains the growth curve for the 
second series. Such uniform variation throughout the growth range 
might perhaps be explained on a basis of vitality of the culture which 
served for the inoculmn. Similar variations have occurred for 
different series with a particular medium. A corn-meal decoction is 
a poorly buffered medium, and for this reason it is rather unsatisfac¬ 
tory for this type of experimentation. 

Table 7. —The growth of Ophioholus graminis, and the changes in reaction induced 
by growthf in corn-meal decoction at different initial Ph values in the dark for 12 
days at 24 ° C. 


Hydrogen-ion concentration, ! 
Ph 

Dry 

weight 

of 

fungous 

Hydrogen-ion concentration, 
Ph 

Dry 

Initial 

Final 

Initial 

Final 

weight 

of 

fungous 

Control 

Inocu¬ 

lated 

mat 


Control 

Inocu¬ 

lated 

mat 

3.2 

3.0 

3.0 

Gms. 

1 0.0000 

3.3 


3.4 

Gm. 

0.0000 

3.3 

3.2 

3.2 

i .0000 

3.7 

3.6 


a F 

3.6 

3.6 

4.1 

i .0117 

5.7 

5.6 

6.5 

.1308 

4.3 

6.6 

5.8 

.0316 

7.1 

6.0 

6.8 

.1432 

1 6.9 

6.0 

6.7 

.0358 

7.9 


7.7 

. 1331 

8.1 

7.9 

7:3 

.0277 

8.1 

7.5 

7.3 

.1192 

8.2 

8.3 

7.6 

.0357 

8.5 


7.4 

.1304 

8.7 

8.4 

7.9 

.0383 

8.8 : 

8.4 

7.7 

.1469 

10.4 

8.9 

i 8.4 

i .0340 

! 10.3 

8.9 

8.1 

.1406 

11.5 

9.3 

i 9.0 

1 .0217 

1 11.0 


8.7 

.1263 

12.1 

9.5 

1 9.4 

1 .0161 

1 11.6 

9.3 

9.0 

.1048 

12.2 

9.6 

I 9.6 

! . 0000 






« F=trace of growth on edges of inoculum block* 


OphioboluB graminis grew feebly on the ordinary Czapek’s solution 
and variably on Czapek^s solution modified by the substitution of 
nucleic acid for sodium nitrate, as shown by Table 8. In the ordi¬ 
nary Czapek’s solution at 24° C., growth occurred throughout the 
range Ph 4.5 to Ph 10.5. Greatest growth occurred at Ph 7.0 and 
at Ph 8.0, with an intervening minimum at Ph 7.6. In the nucleic- 
acid Czapek’s solution, the reactions permitting growth ranged from 
Ph 3.6 to Ph 11.7, and the maximum growth of the fungus occurred 
in the cultures testing Ph 8.3. Reference to Figure 3 wiU reveal 
these relations. The hydrogen-ion concentration necessary to limit 
the growth on the alkaline side lay beyond the range of the experi¬ 
ment, _i. e., Ph 11.7. Such also was the case with the corn-meal 
decoction. Growth was slightly better in the nucleic-acid Czapek 
medium than in the ordinary Czapek medium. In a preliminary 
series containing nucleic acid and adjusted to Ph 7.0, growth was 
highly stimulated. Definite and well-formed mats occurred in all 
of the cultures and the growth resembled that on potato-dextrose 
decoction. 
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Table 8.— The growth of Ophiobolus graminis^ and the changes in reaction induced 
by growthf in ordinary and modified Czapeks solutions at different initial Ph 
values for various periods in diffused light and in the dark at 2^^ C. 


Hydrogen-ion concentration, 
Ph 


Media 


Incubation 


Pinal 


Dry weight of fungous 
mat 


Initial 


2.6 

3.0 


Czapek’s solution. 


29 days in diffused 
light. 


3.4 

4.6 

5.6 

6.6 
7.0 


Czapek’s solution (with 
nucleic acid). 


J 

12 days in dark_ t 


8.0 

10.5 

2.6 

3.6 
44 
5.4 

5.7 
6.6 
7.0 
7.9 

8.3 

9.4 
10.8 
11.4 

11.7 

3.6 

4.7 

6.5 

5.8 


Czapek^s solution (cara¬ 
melized strongly). 


41 days in dark. 


Czapek’s solution (cara¬ 
melized slightly). 


12 days in dark. 


6.8 

7.3 


9.6 
10.2 
10.7 
11.0 

3.6 

3.8 

5.3 

5.9 

6.8 

7.6 

7.9 

8.3 

9.4 


10 . 7 : 
11 . 1 ; 


Control 

Inoc¬ 

ulated 




Gm. 

2.6 

2.7 

0. OOOO. 

3.0 

3.0 

0.0000. 

3.5 

3.5 

0.0000. 

45 

3.9 

0.0092. 

5.5 

45 

0.0051. 

6.4 

6.5 

0.0268. 

6.8 

7.2 

0.0674. 

7.6 

6.2 

0.0214. 

8.0 

7.6 

[ 0.0546. 

9.0 

9.0 

0.0093. 

2.7 

2.6 

0.0000. 

3.0 

3.6 

0.0218. 


4 4 

0. 0257. 

5.4 

5.1 

0.0251. 

5.7 

5.3 

0.0298. 

6.4 

6.4 

0.0384. 

6.8 

6.6 

0. 0527. 

7.2 

6.8 

0.0459. 

7.5 

7.4 

0.0836. 

8.6 

8.2 

0.0419. 

9.0 

8.6 

0. a381. 

9.1 

9.1 

0.0220. 

9.3 

9.4 

0.0166. 

3.4 1 


0.0000. 

3.9 


0.0138. 

4.9 

5.2 

0.0262. 

5.3 

5.3 

0.0301. 

6.0 

5.6 

0.0319. 

6.5 

5.8 

0.0293. 

6.8 

6.5 

0.0271. 

7.2 

7.0 

0.0271. 

7.4 

7.1 

0.0238. 

7.6 

7.4 

0.0204. 

8.7 

8.2 

0,0299. 

9.0 

8.6 

0.0298. 



No growth. 



Trace. 



Heavy mat. 



Do. 



1 Do. 



i Do. 



! Do. 



Do. 



Medium mat. 



Growth throughout, 



no mat. 



Slight growth. 



No growth. 


It was repeatedly noticed that several flasks from each lot of 
Czapek’s solution possessed a faint brownish tint. This condition 
occurred even though the acid and alkali were sterilized separately 
and subsequently added to the various cultures. The phenomenon 
of caramelization is extremely complicated and is understood only 
in a general way. In this connection, it must be remembered that 
the initial reaction of Czapek^s solution generally tested Ph 4.6 and 
that the carbohydrate employed was sucrose. Such conditions are 
very conducive to caramelization. Heavy fungous mats, similar 
to those formed in potato-dextrose decoction, were produced in 
caramelized cultures of Czapek's solution as contrasted with the 

1T486—26-5 






















862 


Journal of Agricvltural Research 


Vol. 33, No. 9 


small fungous colonies produced in the noncaranielized cultures. A 
preliminary series of experiments was conducted for a period of 
12 days at 24° C. with caramelized Czapek’s solution adjusted to 
various initial reactions. The results are presented in Table 8. 
Growth was obtained within the range of Ph and Ph 10.7 with 
heavy fungous mats produced in cultui’es testing between Ph 5.3 
and Ph 8.3 inclusive. In this very preliminary series no dry weights 
and no final hydrogen-ion concentrations of the substrate were 
determined. Tlxe curve for caramelized Czapek’s solution in Figure 
3 was approximated from the results of this series. 

Incubated imder similar conditions, very slight growth occurred 
in the strongly caramelized solutions throughout the entire range, 
i. e., Ph 4.7 to Ph U.O, as shown by Table 8. This uniformly poor 
growth can not be attributed to the viability of the inoculum, inas¬ 
much as the cultures were reinoculated 10 days after the first inocula¬ 
tion. The treatment given the solutions evidently was too drastic 
to permit growth of the fungus. In this case, it will be remembered 
that the concentrated nutrient solution (lOX) was caramelized by 
autoclaving for 4 hours at a 15-pound pressure as compared with 2 
hours at a 15-pound pressure in the other. These solutions, as 
determined by the intensity of the amber color, were caramelized to 
a much higher degree than those of the few slightly caramelized cul¬ 
tures appearing in the ordinary series, or of the slightly caramelized 
cultures in the preliminary series. Whereas a slightly caramelized 
Czapek’s medium stimulated growth, a strongly caramelized Czapek’s 
medium proved toxic to the fungus. A similar relationship was 
noted for varying degrees of caramelization in the alkaline cultures 
of potato-dextrose agar. 

In the studies with Ophiobolus graminiSj the final hydrogen-ion 
determinations showed that the fungus generally induced a shift in 
reaction toward alkalinity in a potato-dextrose medium, shifts toward 
acidity in Czapek’s nucleic-acid and Czapek’s'ordinary media, and a 
shift toward neutrality in a corn-meal decoction. There appeared 
early in the work, however, indications that the changes in the liquid 
media did not always continue in their original direction. 

^ For the studies of progressive growth, several series of experiments 
were conducted with potato-dextrose decoction adjusted to different 
initial reactions, namely, Ph 4.3, the most acid reaction allowing good 
growth; Ph 5.5, a potato-dextrose decoction without additions of 
either acid or alkali, and Ph 6-5, the reaction near the alkaline limit 
affording good growth. The necessary number of inoculated and 
uninoculated flasks were placed in the dark at 24° C. Three inocu¬ 
lated cultures and one uninoculated control were removed every two 
days. Dry weights of the fungous mats and the hydrogen-ion con¬ 
centrations of inoculated and uninoculated media were determined at 
each periodic removal. The progressive relations for the growth of 
the fungus and for the changes in reaction of the medium are presented 
by data in Table 9, and by curves in Figures 5 and 6. At first, growth 
was more rapid in the nearly neutral cultures; later, it was greater 
m the more acid cultures. In general, growth increased with the 
incubation interval, and the greatest increase of growth occurred 
during the last two days of the experiment, namely, between 18 and 
20 days. 
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Table 9. —The 'progressive growth of Ophioholus graminis, and the progressive 
changes in reaction induced by growth, in potato-dextrose decoction in the dark for 
various periods at 24 ^ C. 




Hydrogen-ion concentration, 
Ph 

Age of 
cultures 

Dry 

weight of 
material 


Final 



Initial 

Control 

Inocu¬ 

lated 

Days 

2 

Gm. 

0.0036 

4.3 

4.3 

4.3 

4 

.0114 

4.3 

4.3 

4.3 

6 

.0237 

4.3 

4.3 

4.4 

8 

.0959 

4.3 

4.3 

5.1 

10 

.1756 

4.3 

4.3 

5.7 

12 

.1820 

4.3 

4.3 

5.4 

14 

.2598 

4.3 

4.3 

5.4 

16 

.2384 

4.3 

4.3 

4.9 

18 

.2636 

4.3 

4.3 

4.9 

20 

. 5194 

4.3 

4.3 

4.9 

2 

0.0019 

5.5 

5.5 

5.5 

4 

.0151 

5.5 

5.5 

5.5 

6 

.0236 

5.5 

5.5 

5.7 

8 

.0859 

1 5.5 

5.5 

6.7 

10 i 

.1478 

1 5.5 

5.5 

7.8 

12 ' 

.1908 

5.5 1 

5.5 

6.9 

14 

.2079 

5.5 

5.5 

6.8 

16 

.1522 

5.5 

5.5 

5.7 

IS 

.2340 

5.5 

5.5 ! 

5.5 

20 

.4340 

5.5 

5.5 

4.9 

2 

0.0035 

6.5 

6.5 ! 

6.5 

4 

.0155 

6.5 

6.5 1 

6.6 

6 

.0267 

6.5 

6.5 

6.6 

8 

.1048 

6.5 

6.5 ; 

7.2 

10 

.1288 

6.5 

6.5 1 

7.4 

12 

.1627 

6.5 

6.5 

7.0 

14 

.1814 

6.5 

6.5 

5.8 

16 

.1770 

6.5 

6.4 

5.5 

18 

.2103 

6.5 

6.4 : 

5.4 

20 

.3898 

6.5 

6.3 

5.2 


The. changes in reaction of the potato-dextrose decoction during "" 
growth of the fungus were very definite and similar for each of the 
initial reactions, as shown by Table 9 and Figure 6. The uninoculated 
control cultures held their initial reaction throughout the 20 days of 
the experiment, and they will not be considered further. At Ph 4.3, 
the acidity of the medium decreased with increased growth until a 
value of Ph 5.7 was reached on the tenth day. After this date, even 
though growth continued to increase, the acidity increased until the 
final reaction tested Ph 4.9 for 20 days of fungous growth. A distinct 
reversion in reaction of the medium occurred on the tenth day, and 
the final reaction was six-tenths of an exponent less acid than that 
representing the initial reaction. Similar but gi'eater changes were 
obtained at Ph 5.5. The reaction of the substrate progressively 
changed until a value of Ph 7.8 was reached on the tenth day. After 
this point, a reversion in reaction manifested itself, progressive 
changes occurred, and Ph 4.9 was the final reaction recorded. It is 
interesting to note that the cultures possessed a final value six-tenths 
of an exponent more acid than they did originally. Very similar 
changes were obtained for the cultures initially testing Ph 6.5. The . 
changes increased successively until the tenth day was reached and*, 
a value of Ph 7.4 exhibited. After this time the changes prbce^eded*^ 
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ia the opposite direction and the final hydrogen-ion -concentration 
%vas Ph 5.2, This value is actually one and three-tenths of an ex¬ 
ponent more acid than originally. The greatest changes in reaction 
induced by growth occurred between the sixth and the sixteenth 
davs of incubation and, of the three initial reactions employed, 
namely, Ph 4.3, Ph 5.5, and Ph 6.5, the greatest changes in reaction 
of the substrate occurred at Ph 5.5. 




Pig. 6.—The changes in reaction of potato-dextrose decoction of different initial Ph values induced 
by the growth of Ophiobolm graminis for various periods in the dark at 24° 0. 


■^Similar progressive series of experiments were conducted with 
Czapek’s full nutrient solution modified by the substitution of 
nucleic acid for NaNOa and adjusted to initial values of Ph 4.9 and 
of Ph 8.3. The results are shown in Table 10 and in Figures 7 and 
8. Very little growth was obtained at Ph 4.9, and it was more or 
less constant after an incubation of six days. Growth was much 
l|etter at Ph 8.3, and increased rather uniformly with increase in 
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time interval. The reactions of the cultures at different ages showed 
reversion phenomena, but they were in the opposite direction to 
those occurring in potato-dextrose decoction. In the cultures 
initially testing Ph 4.9, the changes were relatively small. The 
acidity of the substrate increased with increase in age of the cultoe 
until a value of Ph 4.2 was reached on the fourteenth day. Two 
days later, the reaction became Ph 4.4, and remained constant 
throughout the duration of the experiment. Similar changes of 



^ ^ ^ s /o /s /s ^ 

Fig. 7.—The growth of Ophiobolus graminis in Czapek’s nucleic-acid solution of different initial Pa 
values for various periods in the dark at 24® C. 



Fig. 8.— The changes in reaction of Czapek's nucleic-acid solution of different initial Ph values 
induced bythe growth of Ophiobolus graminis for various periods in the dark at 24° C. 

greater magnitude occurred in the cultures testing Ph 8.3. The 
alkalinity of the substrate decreased with increased period of incuba¬ 
tion and attained its lowest value, namely, Ph 7.1 for both 10 and 12 
days^ growth. The reaction shifted to Ph 7.4 after two additional 
days of growth, and subsequent determinations proved it to be 
constant for the remainder of the experiment. The changes were 
first in the direction of the acid side and then in the direction of the 
alkaline side. Opposite shifts, on the other hand, appeared with 
potato-dextrose decoction. In the Czapek medium, the magnitude 
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of the second shift did not equal that of the initial shift. Such a 
relation held true for the potato-dextrose decoction only at an initial 
Ph 4.9, whereas at initial reactioM of Ph 5.5 and Ph 6.5 the reversion 
shifts were greater than the initial shifts. 

T.\ble 10. —The progressive growth of Ophiobolm graminis, and the progressive 
changes in reaction induced by growth, in Czapck’s nucleic-acid soliilimi in the 
dark for various periods at S4° C. 
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® Tr.«traee of growth. 


In order that it might be determined whether growth had merely 
been inhibited or the fungus had actually been killed in the extremely 
acid and alkaline cultures not showing growth, the inoculum blocks 
were transferred from such cultui^es to iDotato-dextrose agar slants at 
the termination of several experiments with potato-dextrose decoc¬ 
tion and with Czapek's solution. In potato-dextrose decoction, it 
will be remembered, growth occuiTed throughout the range Ph 3.9 
toPn 7.7, and no growth occurred in the acid cultures testing Ph 2.4, 
2.9, and 3.6, or in the alkaline cultures testing Ph 8.4, 8.6, 8.8, and 
9.5. The results obtained from the transfers show that the fungus 
was killed at the reactions Ph 2.4 and 9.5 and that it was still alive 
at the reactions Ph 2.9, 3.6, 8.4, 8.6, and 8,8 even though no 
perceptible growth had occurred at these reactions for a period of 12 
days. Very consistent results were obtained at all the reactions 
except Ph 2.9, where probably not more than 50 per cent of the trans¬ 
fer grew. This indicated that such a reaction was very close to the 
critical one for the fungus in this medium. Somewhat similar but 
variable results were obtained with the transfers from Czapek^s 
solution. 

When acid or alkali in sufficient quantities to neutralize the acid 
or a&ali originally employed for the adjustment of the reactions were 
the cultures of potato-dextrose decoction not showing 
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growth, no perceptible growth was ever exhibited. Subsequent 
transfers of the inoculum blocks were not made, but it would seem 
that nutritional disturbances produced by the second addition of 
either acid or alkali were responsible for either inhibition of growth 
or death of the fungus. 

EFFECT OF LENGTH OF INCUBATION PERIOD 

The correlation between the growth of Ophiololus graminis and the 
hydrogen-ion concentration of the medium is influenced to a con¬ 
siderable degree under certain conditions by the length of the in¬ 
cubation period. In potato-dextrose decoction, growth generally 
occurred first and most rapidly at or near neutrality. However,, 
with continued incubation, the rate of growth and the total quantity 
of growth in the acid cultures surpassed that in the approximately 
neutpl ones. Different types of growth curves, therefore, were 
obtained when cultures were incubated under the same conditions 
for various periods. The growth curves in Figure 2 for two potato- 
dextrose decoction series at 24° C., one for a period of 8 days and the 
other for a period of 12 days, illustrate this point. 

For the 8-day series, the growth curve gradually rose from Ph 
3.6, reached a distinct maximum at Ph 7.2, and declined rapidly to 
Ph 7.7. The 12-day series, on the other hand, produced a rather 
flat type of growth cuiwe with maximum growth occurring rather 
uniformly throughout a zone of reactions, namely, Ph 4.9 to Ph 7.4. 
This curve obtained for 8 days’ growth at 24° C. is almost identical 
with the one obtained for 12 days’ growth at 16°, and very similar 
to those obtained for 12 days’ growth at 20° and 28°. At 10° 
growth was very small and more or less uniform throughout the 
growth range for a period of 12 days. An additional 15-day period 
of incubation at this temperature gave a bimodal growth curve with 
the primary maximum occurring at Ph 4.9 and the secondary one 
near Ph 7.0. Growth occurred from Ph 3.9 to Ph 8.4 and the range 
was slightly wider than usual, the alkaline limit having shifted a few 
tenths of a Ph toward greater alkalinity. The length of time neces¬ 
sary for the fungus to stale potato-dextrose decoction, 50 c. c. por¬ 
tions per culture, and thus cease growing has not been determined. 
Experiments were conducted over a period of 20 days and cultures 
were removed every two days. Growth continued throughout the 
entire period and occurred most rapidly for each of the three initial 
reactions near the end of the experinient. The data for potato- 
dextrose decoction are assembled in Tables 5, 6, and 9, and are 
graphically represented by curves in Figures 2, 3, 4, and 5. 

Czapek’s nutrient solution, modified by the substitution of nucleic 
acid for sodium nitrate, gave different results from those furnished 
by potato-dextrose decoction. In the acid cultures, feeble growth 
appeared early, but it never increased to any perceptible degree 
after the sixth day. Good growth, on the other hand, was obtained 
in the alkaline cultures and it increased more or less uniformly with 
increased periods of incubation. These results are included in 
Table 10 and serve as a basis for the curves in Figure 7. 

V With the corresponding solid media, growth occurred first and most 
rapidly at certain initial reactions, depending upon the medium, and 
the relations which were established early generally persisted through¬ 
out "the course of the experiment. The fungous colonies were meas- 
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iired daily and very consistent data were obtained for the several 
media employed. At the optimum reactions, a period of 6 to 7 
days was generally necessary to enable the fungous colonies entirely 
to cover the plates. The cultures were allowed to incubate over a 
period of 12 to 15 days and, while it is not possible to say anything 
definitely about the later growth at the favorable reactions, accurate 
growth clata were obtained for the other reactions until the fungous 
colonies completely covered the plates. 

Simultaneous with the studies on progressive growth in potato- 
dextrose decoction and Czapek’s modified solution, progressive 
changes in reactions of the substrate induced by growth of the fungus 
were likewise followed. The occurrences of progressive and reversi¬ 
ble shifts in reaction during the growth of this organism detract more 
or less from any significance that might be attached to the final 
hydrogen determinations and emphasize the importance of following 
such changes in reaction of the medium during growth. 

EFFECT OP TEMPERATURE AND LIGHT 

Like the chemical composition and the physical nature of the 
medium, temperature influenced the growth of the fungus, as related 
to hydrogen-ion concentration of the medium. Within the limits 
of the experiments, temperature did not materially alter the Ph range 
within which growth occurred, but it did influence the magnitude of 
growth at various initial reactions. Inasmuch as potato-dextrose 
decoction produced the best fungous growth, the temperature studies 
were confined principally to this medium. A few experiments, how¬ 
ever, were conducted with the Czapek's synthetic solution, but growth 
in this medium was so poor that the results are not satisfactory, 
w Incubated for a period of 12 days in diffused light, the fungus 
grew best in potato-dextrose decoction at 24° C., followed in order 
by 20°, 16°, 28°, and 10°. The data presented in Table'6 and repre¬ 
sented graphically in Figure 4 reveal these relations. At the optimum 
temperature, the growth range extended from Ph 3.6 to Ph 7.7, with 
best growth occurring more or less uniformly between Ph 4.9 and 
Ph 7.4. The growth range was practically the same for each of the 
other temperatures. The alkaline limit remained the same, and the 
acid limit at 28° and 16°, shifted several tenths of an exponent toward 
neutrality. At 24° growth in the extreme cultures was good, but 
at the other temperatures it was very small, in fact almost immeasur- 
able in certain instances. Maximum growth of the fungus occuiTed 
in the form of a peak at or near Ph 7.0 for temperatures of 20°, 16°, 
and 28°, as contrasted with a broad zone from Ph 4.9 to Ph 7.4 for 
24°. ^ Heavy fxmgous mats were produced in all of the cultures at 24° 
and m those with favorable reactions at 20°, Growth was much less 
at 16 and 28°, and there were either very thin fungous mats or no 
mats at all. At 10°, mycelial growth was exceedingly slight and 
umform, an interval of seven days being necessary before a trace 
of growth could be detected around the inoculum block. The final 
colomes were thin, flat, grayish, and filmlike. 

Light IS frequently regarded as an important factor for the fruiting 
of cei^am fungi, but neither perithecia nor indications of such ap- 
^ared during the course of the experiments reported in this paper. 
Havm {4) has sta^d that diffused light slightly retarded mycelial 
.^y^opment of Ophiobolus graminis in pure culture. In our studies. 
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however, diffused light did not seem to exert any appreciable effect 
on the relation of vegetative growth to the reaction of the medium. 

Two series of experiments were conducted with potato-dextrose 
decoction at 24° C., one in the dark and one in diffused light. The 
growth curves, Figures 3 and 4, developed from the two experiments 
are very similar. There was a slightly greater tendency for a biniodal- 
growth curve in the case of the series incubated in the dark than in 
the one in the light. The variations in the two growth curves, how¬ 
ever, were not very great and the Ph growth ranges were the same 
in both cases. The fungous mats obtained from the series grown 
under diffused light were thick, heavy, and substantial. They ad¬ 
hered strongly to the sides of the flasks and always remained in per¬ 
fect fomi at the surface of the liquid medium. On the other hand, 
the fungous mats obtained from the series incubated in the dark were 
equally as thick and heavy, but were less firmly attached to the sides 
of the flasks. These mats generally became either completely or 
incompletely detached from the flasks and consequently appeared 
partially or totally submerged in the culture solutions. More or 
less consistent results were obtained for potato-dextrose decoction 
in the light and in the dark at 10°, and for Czapek’s unmodified 
solution in the light and in the dark at 24° and 28°. In view of these 
consistencies, the tabulated results of the experiments for each series 
in the light and in the dark have not been included. 

DISCUSSION 

The results obtained by the writers show that the influence of the 
hydrogen-ion concentration on the vegetative growth of OpMoholus 
graminis in pure culture is variable, and depends to a large extent 
on the chemical composition and the physical nature of the medium. 
The Ph ranges for fungous growth may be either wide or narrow, 
more generally the former, and the growth curves may be either 
monomodal or bimodal. Furthermore, the optimum Ph for fungous 
growth may fall either in the distinctly acid or the alkaline regions, 
or it may span the intervening neutral zone. It appears from these 
facts, therefore, that the genei'al conclusions drawn by Kirby (7,8) 
and Davis (4-), regarding the influence of the hydrogen-ion concentra¬ 
tion on the growth of the parasite in pure culture, are valid only within 
the limits of their experiments. 

Brittlebank (S), who has investigated the take-all problem for a 
number of years in Australia, frankly admits that very little is known 
concerning the influence of soil reaction on the development of the 
disease. From the results obtain^ by him in one year’s study on the 
permanent test plats, it appears that where lime in combination with 
other fertilizers had been applied on alternate years during a period of 
six years, the disease was far more prevalent than where lime had 
been omitted. This correlation refers more to the percentage of 
diseased plants than to the severity of the disease. Brittlebank says: 
^^It would appear, therefore, that an alkaline soil is favorable to the 
development of the disease, but it should be again remarked, this 
judgment is from one year’s data only.” Another statement under 
the.same heading, namely, ‘^it is not known whether the fungus 
favors an acid or an alkaline soil, or one rich in organic matter,” 
clearly indicates that Brittlebank was not yet ready to draw a definite 
conclusion on the subject. 
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Kirby (S) also has studied the development of the take-all disease 
under greenhouse and field conditions, and he recommends the 
adjustment of soil reaction as one of the three possible methods for 
protection against the disease. In the first greenhouse experiment, 
he conducted inoculation experiments in 5-inch pots filled with soil 
to which chemicals in varying quantities had been added. Very 
abnormal growth occurred in all cases, and a few plants reached a 
state of maturity only in the case of the sulphur-treated soil. No 
determinations of soil reaction were made, but nevertheless he en¬ 
deavors to correlate the severity of the disease with an alkaline 
reaction. However, his figures actually show that, while the least 
infection did appear in the sulphur series, a higher percentage of 
plants were killed on the untreated soil than on the limed soil. In 
another greenhouse series with soil adjusted to various reactions by 
regulated additions of sulphuric acid or sodium hydroxide, all the 
plants growing in soil ranging from Ph 5.2 to Ph 8.8 were severely 
attacked by the fungus and ultimately killed by the disease. Soil 
reactions of Ph 2.3, 3.0, and 4.0 seemed to control the disease, but 
these soil reactions were unfavorable to the development of the host. 
The plants remained alive during the course of the experiment, but 
they never attained a height greater than a few inches. Under the 
condition of the experiment, therefore, Kirby concluded that no 
degree of active acidity which permitted normal growth and maturity 
of the plants controlled the disease. 

Kirby (S) has studied the disease response to sulphur, sulphuric 
acid, and lime when added to the soil under field conditions in New 
York State. He obtained very high percentages of diseased plants 
in the sulphuric acid, lime, and untreated plats, and a somewhat 
lower but moderately high percentage in the sulphur plat. No 
hydrogen-ion determinations were made on the soils in question. 
While the addition of lime increased and that of acid decreased the 
percentages of badly diseased plants, it appears that no striking cor¬ 
relation existed between the total percentages of diseased plants and 
the addition of alkaline or acid substances. The disease was not 
effectively controlled by the additions of sulphuric acid in various 
proportions to the soil, and it was only partially controlled by the 
additions of sulphur. Moreover, in the sulphur series, the average 
vreight of grain per plant for the healthy plants and for practically 
all of the diseased plants was strikingly small. Such low yields of 
grain on very acid soils certainly inhibit any profitable control of 
the disease by the applications of acid or acid-forming substances to 
the soil. 

The results obtained by the w:Aers show that the nutritional and 
physical natures of the medium, irrespective of other factors, greatly 
modify the influence of the hydrogen and hydroxyl ions on the growth 
of the fungus in pure culture. The question naturally arises as to 
whether soil fertility and soil type modify the influence of the soil 
reactions on the growth of the fungus and the occurrence of the disease 
in the field. ^ This question can not be answered definitely at present, 
but in the light of the diverse results obtained by the writers, it will 
be rather surprising if variations in soil type and fertility are not 
found to produce similar effects. Furthermore, it appears that the 
fhe control of the disease under greenhouse and field con- 
by the addition of acid or alkaline substances have been vari- 
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able and more or less unsatisfactory from the standpoint of host 
development. In view of these facts, therefore, it would seem that* 
the control of take-all by the mere adjustment of soil reaction will 
be uncertain. 

SUMMARY 

In general, OpTiiobolus grmninis grew well in pure .culture on 
solid and liquid media over a wide range of active acidity and alka¬ 
linity. The Ph range and the Ph optimum for growth were variables, 
depending upon the physical and chemical nature of the medium and 
the environmental factors. 

Comparing^ the different solid media, the rates of growth and the 
total quantities of growth were more or less uniform within the 
favorable Ph zones. On the corresponding liquid media, the best 
growth occurred consistently in potato-dextrose decoction, followed 
in order by Czapek^s solution (slightly caramelized), corn-meal decoc¬ 
tion, and Czapek’s solution (nucleic acid). 

Temperature influenced the optium reaction for fungous growth in 
potato-dextrose decoction, but did not materially influence the Ph 
range through which growth occurred. The optimum temperature 
was not altered by variations in the hydrogen-ion concentration. 

The length of the period of growth influenced the Ph optimum for 
fungous growth in potato-dextrose decoction but did not appreciably 
modify the Ph growth range. No shifts in the optimum reaction were 
noted for the solid media employed. 

Neither diffused light nor total darkness appreciably affected the 
Ph optimum or the Ph range for fungous growth. However, a 
slightly greater tendency for a bimodal-growth curve occurred in the 
cultures in the dark than in those in the light. 

While the hydrogen ion generally proved to be more toxic to the 
growth of the fungus than the hydroxyl ion, the toxicity of each was 
variable, depending upon the medium. It was only in a potato-dex¬ 
trose decoction that the fungus was particularly sensitive to a condi¬ 
tion of active alkalinity. 

The reaction of the substrate sufficient to cause death of the 
fungus was several tenths of a Ph more acid or more alkaline than 
that sufficient to cause inhibition of growth. 

Slight caramelization of Czapek’s nutrient solution stimulated 
growth to a great degree, but severe caramelization ppved toxic 
to the fungus. Similar relations were noted in alkaline potato- 
dextrose agar. 

Progressive and reversible shifts in the reaction of the media were 
induced by the growth of the fungus. The direction and the magni¬ 
tude of these shifts varied with the temperature, the duration of the 
growth interval, the initial reaction, and the chemical and physical 
natures of the media. 
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EXPERIMENTAL DISTURBANCES IN THE MILK SECRE¬ 
TION OF THE COW^ 


By F. A. Davidson" 

Department of Dairy SiiHhandry, Af/ricultural Experiment station, University 

of Illinois 

INTPwODUCTION 

The three major hypotheses that have been brought forth to ac¬ 
count for the processes involved in the secretion of milk and its 
constituents are: (1) That the secretory cells themselves break loose, 
become disintegrated, and set free their contents in the alveoli; (2) 
that the portion of the secretory cell next to the alveoli—that is, the 
free end—after becoming loaded with secretory products, breaks loose 
from the basal portion, becomes disintegrated, and sets free its 
contents in the alveoli; (3) that the secretory cells discharge their 
secretory products into the alveoli, as do the salivary glands, without 
themselves becoming detached or destroyed. 

The third of these hypotheses seems to the writer the most 
reasonable, and in the following paper experimental data are 
pi’esented which support this view. 

Eckles and Shaw (^),^ studying the variations in the composition 
of milk from the individual cow, found that normally the percentage 
of lactose, ash, and protein content fluctuates only slightly from one 
milking to another, whereas the percentage of fat content is quite 
variable. Jackson and Rothera (o) found that this noiunally slight 
variability in the percentage of lactose and ash content of cow^s milk 
could be disturbed by returning a portion of milk to the udder after 
it was milked dry. The percentage of lactose in the milk produced 
at the milking folio wing. the return of milk was greatly decreased 
and the percentage of ash content (soluble ash) similarly increased 
During the subsequent milkings both constituents gradually returned 
to their original condition. The freezing point of the milk }>ro- 
duced both before and after the return of milk was practically the 
same, showing that there was a compensatory inverse relation be¬ 
tween the percentage of lactose and soluble ash in the milk which 
tended to maintain a constant freezing point. 

Owing to this very peculiar condition caused by the return of milk 
to the udder, a similar exiDeriment was performed for the i^urpose 
of possibly securing an insight into the mode of milk secretion. 
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OUTLINE OF EXPERIMENT 

The exi^eriment consisted of seven trials and involved the use of a 
purebred eJersey cow milked twice a clay, and in the seventh month 
of her lactation. In trials 1 to 4 milk was returned to a quarter of 
the udcler after it was milked dry. In trials 5 and 6 an isotonic salt 
solution was injected into a quarter of the udder after it was milked 
dry, and in trial 7 an 8.8 per cent solution of lactose, also isotonic, 
waV similarly injectecL Each trial was divided into two periods, one 
preliminary "to the return of milk or the injection of solutions ancl one 
subsequent" to it. In all the trials each quarter of the udder was 
milked separately and the milk produced was Aveighed and sampled 
separately. The sample of milk from each quarter during the pre¬ 
liminary "and subsequent periods was analyzed for the percentages of 
fat, lactose, and total solids. It was impossible in most cases to 
make a complete analysis including the determination of protein and 
ash: hence these two were determined by difference, and are reported 
as protein+ash. In trials 6 and 9, however, a complete analysis was 
made. 

The method of returning milk or injecting solutions to a quarter 
of the udder after it had been milked dry w^as very simple and 
appax'ently did not produce any pain, for the cow showed no signs 
of exciteinent. The usual simple method of injecting a teat canula 
into the teat of the udder was followed. To the canula was attached 
a piece of rubber tubing into the other end of which the tip of a 
pipette was inserted, the injection thus being easily accomplished. 
When milk was returned the udder was washed with warm water 
just before milking and the milk was received in -sterilized cans. 
The milk returned to a quarter Avas the same milk that had been 
drawn from it. The milk was returned immediately after milking, 
so that its temperature was practically the same as when it was 
drawn. When salt or lactose solutions were used, they were sterilized 
in an autoclave and cooled to body temperature before being injected 
into the udder. An examination of the milk returned showed in 
every case that it was practically free from bacteria. 

EXPERIMENTAL RESULTS 

EFFECT OF RETURNING MILK TO THE UDDER 

The four trials in which milk was returned to a quarter of the 
udder gave similar results, all of which confirm the findings of 
Jackson and Eothera (J) with respect to the variability in the per¬ 
centage of lactose content of the milk pi'odiiced. The results from 
two of these trials are reported graphically in Figures 1 and 2. A 
consideration of the curves in these figures brings out the following 
facts with respect to the variability in the percentage content of 
the milk produced during both the preliminary and subsequent 
periods. 

The percentage of lactose and the percentage of protein+^'Sh are 
not extremely variable from one milking to another during the pre¬ 
liminary periods or under normal conditions. The percentage of 
fat, on the other hand, is quite variable from one milking to another 
under normal conditions. Of course, these percentages are for milk 
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taken from only one quarter of the udder. This fact may account 
for the wide variations in the percentage of fat content, but at the 
same time it would tend to emphasize the lack of variability in the 



cfepTii^cT Ta Oct. 7, 


Fig. 1.—Viold of milk and percentage content of fat, lactose, and proteiin-ash in 
milkings before and after the return of 300 c. c. of milk to the left anterior 
quarter of thi udder 

percentage of lactose and of protein+ash. The variation in the 
composition of the milk produced during the preliminary period 
substantiates the findings of Eckles and Shaw {S)^ although the milk 
comes from only one-quarter and not from the whole udder. 
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During the milkincs subsequent to the return of milk to the udder 
the percentage content of the milk produced is markedly disturbed. 
The percentage of lactose is at first greatly decreased and then grad¬ 
ually returns to its normal condition. The percentage of pro- 
tein+ash increases rather markedly for the first two or three 
milkings and then gradually returns to its normal condition. The 


Oct. to Nov, //, 



Fig. 2.—^Yield of milk and porcentaKc content of fat, lactose, and protein + ash 
in milkings before and after the return of 2U0 c. c. of milk to the right 
anterior quarter of the udder 


percentage of fat content increases markedly during the second or 
third milking and then becomes quite variable. The percentage 
of fat content is quite variable under normal conditions, hence the 
increase after' the return of milk to the udder may not at first seem 
significant. However, this increase w^as always consistent, and when 
elutions instead of milk were injected the percentage of fat content 
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increased beyond any conceivable variability under normal condi¬ 
tions. The freezing point of the milk produced during the prelimi- 
naxy and subsequent periods vras not determined for every sample 
in these trials. Those that were determined, however, indicated that 
it changed very little even when the percentage content was greatly 
disturbed. 

During the first two trials the milk produced by the quarters of 
the udder other than the experimental quaider was also analyzed. 
The analysis showed that the I'etuim of milk to one quarter diet not 
affect the composition of the milk produced by the other quarters. 

Considering the variability in the ixer cent age content of the milk 
pi'oduced both before and alter the I'etuim of milk to the udder, it 
is obvious that a slight deviation in the percentage of lactase or 
the percentage of protein -f- ash is far more significant than a some¬ 
what lai'ger deviation in the jxei'centage of fat. 

The degree of disturbance in the percentage content of the milk 
produced is dependent upon the quantity' of milk returned in propor¬ 
tion to the yield of the quarter. The yields of the quarters repre¬ 
sented in Figures 1 and 2 are nearly equal. Three hundi*ed c. c. of 
milk was retiumed to the quarter I'epVesented in Figure 1 and 200 c. c. 
was returned to the quai'ter rej)resented in Figure 2. The degree of 
disturbance in the percentage content of the milk produced is gi'eater 
in Figure 1. 

EFFECT OF INJECTING SALT AND LACTOSE SOLUTIONS INTO THE UDDER 

In seeking a reason for this disturbance in the composition of the 
milk it was decided to inject the udder with solutions instead of 
milk, thinking that possibly such a pi'oeedure would give some clue 
to the cause of the distimbance. Accordingly 300 c. c. of an isotonic 
salt solution, consisting of the salts found in milk (sodimn and 
potassium chloride and sodium and potassium citrate) was injected 
into ,a quarter of the udder after it was milked dry. The results 
from this the fifth trial are reported graphically in Figure 3. 

From a consideration of the curves in this figure it is quite sur¬ 
prising to see that the injection of an isotonic salt solution produced 
a disturbance in the milk constituents similar to that produced by 
the return of milk to the udder. The effect upon the percentage of 
fat is very pronounced, raising it greatly above any variation that 
could be expected under normal conditions. 

Trials 6 and 7 were run together and consisted of the injection 
of 300 c. c. of an isotonic salt solution to one quaider and 300 c. c< 
of an isotonic (8.8 per cent) lactose solution to another quarter. In 
these trials a complete chemical analysis was made of the milk pro¬ 
duced at the milking done at the time of the injection and during 
part of the subsequent milkings. The I'esults from these two trials 
are reported in Tables 1 and 2. 
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Table 1. —Effecf on the nicld, conipomiou, p'cezino point, and specific gravity 
of milk produced hy the injection of an isosmotic salt solution into the right 
posterior quarter of udder, milked ticicc a day, Decemher 18 to December 
:27. 


:Milkiiigs 


Preliminary milkings: 


£ . Hi- ---- 

Milking at time of injection of 
300 e. c. of isosmotic salt solu¬ 
tion, p. m.._.- 


Subsequent milkings 


Milk 

yield 

Pat 

Lactose 

Protein 
4 ash 

j 

Protein; 

I 

. 

Ash 

Freezing 

point 

Specific 

gravity 

Lbs, 

P.ct. 

P.ct 

P. ct. 

P. ct. 

P. ct. 




O 9 

5. 4 

4.6 

«4.S 





1.0328 

2.3 

5.2 

4.8 

« 5.3 





1.0355 

2.1 

3.4 

4.7 

4.18 

3.40 i 

0.78 


-0. 547 

* 1.0347 

2.2 

3.0 

2.9 

i 4.50 

; 3.70 

.80 1 


548 

1.0281 

. 5 

8.2 

3.5 

, 6.16 

5.26 i 

.90 ! 


559 

1.0320 

1.7 

10.0 

3.7 

I 6.34 

5.50 1 

.84 1 


5(50 

1.0326 

1.4 

6.9 

4.1 

! 5.15 

4.33 i 

.82 ! 


545 

1.0309 

! 1.2 

3.6 

4.2 

! 4.53 

3. 70 1 

.83 1 

-.540 

1.0330 

1 2.2 

3,3 

4.0 

i 4.50 

3.70 ; 

.80 i 

-.545 

1.0319 

I i 2.2 

4.4 

4.2 

1 « 4. 6 





1.0311 

LS 

3.2 i 

i 4.4 

I «4.8 



_ 


1,0334 

• 

.a| 

1 4.3 i 

1 1 

i «4.9 





1.0328 


a Determined by difference. , x . 

Commencing with the first one, which was done in the morning, subsequent milkings were done 
alternately in the evenings and mornings. 


Table 2. —Ejfecf on the yield, composition, freezing point, and sped fie gravity 
of milk produced by the injection of a lactose solution into the left posterior 
quarter of udder, milked twice a day, December IS to December 27, 1922 


i Hikings 

1 

Milk ' 
yield 

j 

Fat ! 

[ i 

Laetosel 

1 

Protein, 
ash j 

1 ! 

Protein 

L 

Ash 

Freezing 

point 

Specific 

gravity 

Preliminary milkings: ' 

Lbs. 

1 P.ct. 

\ P.ct. l 

P.ct. 

p.ct. ! 

P.ct. 

“C. 


P. m._ _I 

2.1 

5.2 

! 5.0 

“4.5 

_L 



1.0334 

A. m.. . - - 

1.9 

i 4.0 

5. 2 

® 4 8 



1.0361 

Milking ai time of injection of 1 


! 







300 c*. e. of lactose solution, p. m. i 

1.8 

2.5 

5. 0 

4. 53 

3.80 

0.73 

-0.549 

1.0373 

1 

1.2 

4.0 

3.3 

3.63 

3.00 

.63 

550 

1.0261 

1 

.2 

, 9.1 

2.4 

6.32 

5.42 

.90 

-. 550 

1.0240 

1 

1.0 

i 12.0 

2.9 

7.54 

6.66 1 

.88 

570 

1.0312 


1.0 

1 8.7 

3.5 

5.49 

4.61 1 

.88 

-. 532 

1.0300 

Subsequent milkings**.. i 

1.3 

4.9 

4.0 

4. 38 

3.56 i 

.82 

-.547 

1.0320 

i 

1.5 

1 2.9 

4.1 1 

4. 35 

3.55 1 

.80 

542 

1.0307 

1 

2.2 

; 3.6 

4.2 

ft 4 4 

_L 



1.0311 


1.2 ! 

^ 9 

4.4 

“4.5 

i 


1.0326 

1 

1.5 

5 

4.5 

«4.7 

..!- 

1 1 

1.0334 


« Determined by difference. 

* Commencing with the first one, which was done in the morning, subsequent milkings were done 
alternately in the evenings and mornings. 


The variability in the percentage contents reported in Tables 1 
and 2 show that with few exceptions the results from these trials 
are similar to those secured in the other trials. The percentage of 
fat content, like that in trial 5, is increased far beyond any expected 
deviation under normal ‘conditions. The percentage of ash and 
the percentage of protein both increased after the solutions were 
injected into the udder. Their sum, the percentage of protein+ash, 
showed variability similar to that found in the other trials. On 
the first Inilking after the injection of the lactose solution the per¬ 
centage of lactose was not as low as on the second milking. In all 
of the other trials the percentage of lactose was lowest on the first 
milking after the return of milk or the injection of the salt solu¬ 
tion. This exception is due to the fact that a large quantity of 
lactose was injected into the quarter in the 8.8 per cent solution. The 
actual quantity of lactose produced at this milking was only 65.8 
ypr cent of the quantity introduced into the quarter in the 300 c. c, of 
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the 8.8 per cent solution. It will also be noticed in Tables 1 and 2 
that the freezing point of the milk changed onh" very slightly during 
the subsequent milkings. 

EFFECT OF INJECTING DISTILLED WATER INTO THE UDDER 

It was next planned to inject 300 c. c. of distilled water into a 
quarter of the udder after it was milked dry, but unfortunately the 



Nov^ 23 TO Dsc-2j iS22 


Fig. 3.—Yield of milk and percentage content of fat, lactose, and 
protein + ask in milkings before and' after the in.iection of 3d0 
c. e. of a salt solution into the left posterior Quarter of the udder 

experiment had to be discontinued. However, it has since been 
resumed, and sterile distilled water was injected into two quarters 
of the udder of a cow producing approximately the same quantity 
of milk as the cow used in the first part of the experiment. The 
method of procedure followed in injecting distilled water into the 


Vol. 33, No. 9 


ggQ Journal of AgncuUural Research 

udder was the same as that used in injecting salt and lactose 
solutions. 

The results obtained in these two trials are graphically reported 
in Figure 4. In the milkings subsequent to the injection of 300 c. c. 
of distilled water onty a very slight tendency was noted toAvard an 



April. 7 ro April- IR, 

Fig. 4.—^Yield of milk and percentage content of fat, lactose, and protein + ash 
in milkings before and after the injection of 800 c. c. o£ distilled water into 
the right anterior quarter, and 200 c. c. of distilled water into the left 
anterior quarter of the udder 

abnormal variation in the percentage content of the milk such as was 
produced by returning 300 c. c. of milk or injecting salt or lactose 
solutions. In the milkings subsequent to the injection of 200 c. c. 
of distilled water there was likewise ho significant abnormal vaxua- 
tion in the percentage content of the milk. Considering the results of 
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these two trials, it seems as though there must be so‘ine factor other 
than the mere physical eifect of the liquid which brings about the 
marked abnormal variations in the percentage content of the milk 
noted in the earlier experiments. This point will be further dis¬ 
cussed later on. 

EFFECT or LEAVING MILK WITHIN THE UDDER 

After the completion of the experiment described above a some¬ 
what similar experi^ment was undertaken (^). In this test a study 
was made of the effect of a partial milking of the udder on the com¬ 
position of the milk produced during the subsequent milkings. 

The results from all of the trials in this test, wherein one-fourth, 
and then one-half, of the average daily evening production was left 
within the udder, indicate that there is very little similarity, if any, 
in the effect produced by leaving a portion of milk within the udder 
and returning a portion to the udder. The curves in Figure 5 illus¬ 
trate the variations in the precentage content of the inilk as a result 
of leaving one-half of the average daily” evening production within 
the udder. The only percentage that seems to be affected to any 
extent is that of fat content. 

DISCUSSION 

Apparently the returning of a portion of milk to the udder 
after it is milked dry has an effect upon the secretive tissues of 
the udder altogether different from that produced by leaving a 
portion of milk within it. The writer can give no exact expla¬ 
nation for this difference. However, a description of some of the 
possible changes which may be taking place within the secretive 
tissues as a result of these manipulations of the udder may throw 
some light upon the subject. 

A description of the processes involved in secretion is very pre¬ 
cisely given by Bayliss (i, p. 34S) in the following quotation: 

On the whole, it appears that the usual process of secretion is somewhat 
as follows: During the period of rest, the cells build up compounds which are 
I)reliminary stages of constituents of the secretion, which is afterwards set 
going by excitation, nervous or chemical. The formation of this material 
is probably a reversible reaction, so that, after a time, further production 
ceases, owing to accumulation of products. When the gland is excited to 
activity, a current of water is set flowing through the cell by some means, 
probably of an osmotic nature and effected by a combination of increased 
permeability of the outer end of the cell together with splitting up of some 
substance into smaller, molecules. This current of water washes out into 
the duct the substances of the secretion already stored in the cell, sometimes 
after they have been further changed by a process which does not take place 
until the cells are excited to secretory activity. As the stored substances 
are lost from the cell, there will be a renewed formation to reestablish 
equilibrium; so that, if the activity is not too violent, there will be a balance 
between the amount secreted and its new formation. Continuous secretion 
will thus be possible without fatigue. It will he seen that, on tliis view, 
the increased production in the cell of the substances which give rise afterwards 
to the actual products contained in the secretion is not to be supposed to be 
under the control of the nervous system or other excitatory influence, but 
that it is a spontaneous activity of the cell itself, controlled by chemical 
equilibrium. 

There is no reason to believe that the processes involved in the 
secretion of milk are different from those as described by Bayliss. 
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The elaboration of the milk constituents no doubt takes place in 
the main during the time which elapses between milkings. Vincent 
{9) cites the work of Lehmami in which a solution of sulphindi- 



April Z4. RM. to May Z RM., 1923 


Fig. 5.—Yield of milk and percentage content of lactose, fat, and pro¬ 
tein -f- ash in milk taken at complete milking and at milking wnere 
one-half of the average daily evening production was left in the 
udder 


ptate was injected into the vein of a milk goat before milking, 
tn the milking which followed the milk received Just before the 
adders were emptied had a slightly bluish tinge. One hour and a 
half later the goat was milked again. At this time the milk w^as 
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quite blue in color, thus showing that elaboration of the milk con¬ 
stituents took place for the most part between the milkings. 

The rate of elaboration of the milk constituents tends to follow 
the law of mass action, i. e., the rate is inversely proportional to the 
quantity of the constituents accumulated. Eagsdale et al. {8)^ work¬ 
ing with dairy cows, have shown that, following a milking, each 
hour’s milk production is 95 per cent of the production for the pre¬ 
ceding hour. The percentage of total solids in the milk produced 
at the third hour after milking was 15.6 and at the fourteenth hour 
after milking it was 12.7. Here, again, we find experimental data 
which indicate that milk secretion follows the same general law 
that governs other glandular secretion as described by Bayliss. 

Macallum (7) and Garmus (4) have demonstrated that the per¬ 
meability of a secreting cell changes during that part of secretion 
which is concerned with the discharge of the secretory products 
stored in the cell. The membrane at the outer end of the cell next 
to the lumen becomes permeable, and the stored products, brought 
about by elaboration, are washed out into the lumen or ducts receiv¬ 
ing the secretion. During the discharge of the secretory products 
there is always a greater concentration on the inside of the secretory 
cells than on the outside, because of the accumulation of the stored 
secretory products within the cells. In the case of milk secretion, 
the process of discharging the secretory products takes place during 
milking. The stored secretory products (milk constituents) are 
washed out into the lumen and the solution thus formed is milk. 
The milk is continually being drawn off during the process of milk¬ 
ing, hence there is a continuous flow from a more concentrated solu¬ 
tion within the cells to a less concentrated solution in the lumen. 
This process continues until the udder is milked dry, at which time 
the secretory cells have completely discharged their contents. With 
the complete discharge of the secretory products, the concentration 
within the cells is greatly lowered and at the very end of the process 
is lower.than that of the milk which has been drawn off during 
milking.^ If in case a solution of the same concentration as that 
of the milk drawn off Avere returned to the udder at this time it would 
work its Avay up into the secretive tissues, as a result of capillary 
attraction, and there would then be a greater concentration on the- 
outside of the secretory cells than on the inside. The cell membrane 
immediately after milking (discharge of the secretory products) 
would stiirbe permeable, and owing to the greater concentration of 
the solution on the outside of the cells, there would tend to be an 
absorption (diffusion into the cells) of the solutes present in the 
solution. 

Returning to the results of the experiment (Tables 1 and 2) 
wherein an isotonic salt solution and an isotonic lactose solution 
were injected into a quarter of the udder after it Avas milked dry, it 
Avas found that at the milking immediately following, neither the^ 


^This hypothesis as stated does not conflict with the fact that the percentage of fat 
content of the milk pi-oduced at the very end of a milking is much greater than the per¬ 
centage of fat content of the milk produced at the very beginning of a milking. The 
most generally a'ccepted explanation of this difference in the percentage of fat contents is 
given by Kiichner According to this writer the fat globules, especially the larger 

ones, become mechanically obstructed in the milk ducts of the udder during ‘milking and 
escape in largo quantities in the last milk drawn. 
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quantity of salt nor the lactose recovered was equivalent to that intro¬ 
duced into the udder in the solutions. Hence, there must have been a 
partial absorption of both substances by the secretory cells or other 
cells of the gland. The same must have been true also with respect 
to the lactose in the milk returned. 

The injection of milk or salt and lactose solutions into the udder 
brought about a marked abnormal variation in the percentage con¬ 
tents of the milk produced during the immediate subsequent milk¬ 
ings. but the injection of distilled water brought about no such ab¬ 
normal variation. Hence it seems as though this disturbance in the 
percentage content of the milk is, for the most part, due to the par¬ 
tial absorption of the solutes present in the milk or salt and lactose 
solutions injected into the udder. It may be possible that this par¬ 
tial absorption of the solutes in the milk or solutions injected pro¬ 
duces an abnormal condition in the secretory cells wliich disturbs 
their normal functioning. This in turn, of course, would bring 
about a disturbance in the whole imrcentage content or the milk pro¬ 
duced during the immediate subsequent milkings. 

On the other hand, w'hen milk is left in the udder the secretory 
cells in the secretive tissue never completely discharge their products, 
and therefore never reach the same condition as when the udder is 
milked dry. Although thei'e is a film of milk in contact with the 
cells in this condition, it does not bear the same relation to the cells 
as it would if the cells had completely discharged their products. 
Tire concentration within the cells would still be greater than that of 
the milk present in the lumen. Hence if there were, to be any dif¬ 
fusion of solutes, which no doubt takes place, it would be out of the 
cells and not into them. When the act of milking ceases the .stimulus 
producing the discharge of the cell products also soon ceases and the 
whole process is brought to a halt. If there is no absorption of 
solutes, then there should also be no disturbance in the composition 
of the milk produced dm-ing the subsequent milkings. This reason¬ 
ing is supported by the fact that there is apparently very little dis¬ 
turbance in the composition of the milk when even one-half of the 
production is left in the udder, whereas there is a very mai'ked dis¬ 
turbance when only a small fraction of the production is returned 
after the udder has been milked di'y. 

SUMMARY OF EXPERIMENTS 

A portion of milk was returned to the udder of a cow after it 
had been milked dry. The effects upon the composition of the milk 
produced during subsequent milkings were as follows; (1) the per¬ 
centage of lactose markedly decreased on the first subsequent milking 
and then gradually returned to its original condition; (2) the per¬ 
centages of protein and ash increased during the first two or three 
milkings and then returned to their original condition; (3) the per¬ 
centage of fat increased very markedly during the first two or three 
milkings and then became quite variable. 

Three hundred cubic centimeters of an isotonic salt solution, 300 
e. c. of an isotonic lactose solution, and 300 c. c. of distilled water 
were, one at a time, injected into the udder after it was milked dry. 
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The isotonic salt and lactose solutions produced an elfect similar to 
the returning of milk to the udder. The distilled water produced 
very little disturbance in the composition of the milk. 

In order to determine the effect of a partial milking on the compo- 
sition of the milk subsequently produced, one-fourth, and later one- 
half, of the average daily evening production was left within the 
udder. The only percentage that showed any great modification 
was that of fat content. 
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THE EFFECT OF FEEDING CELLULOSE ON THE PULSE 
RATE OF STEERS^ 


By Harry W. Titus 

Nutrition Chemist and Associate Professor of Animal Nutrition, New Mexico 
Agricultural Experiment Station ^ 

INTRODUCTION 

Benedict and Ritzman,® in their study of undernutrition in steers, 
observed an almost immediate drop in pulse rate following curtail¬ 
ment of ration, and a very marked increase in pulse rate when their 
steers were placed on a fattening ration. They concluded that 
“the pulse rate and metabolism with steers are very closely in 
agreement,” and inferred “that with steers, when there is a change 
in pulse rate with the same animal, there is a simultaneous change in 
metabolism which is roughly proportional to this change in the pulse 
rate.” In discussing pulse rates, they stated that “the pulse rate 
or, more properly speaking, the heart rate, is an index of the relative 
amount of circulatory activity, and as the blood carries oxygen to 
the tissues and brings back carbon dioxide to the lungs, the heart 
rate may be taken as a crude, approximate index of relative metabolic 
intensity.” 

In the course of an investigation to determine the effect of crude 
fiber (paper pulp) on the digestibility of alfalfa by steers, pulse rate 
data were obtained for the purpose of getting an indication of the 
metabolic levels of the animals when consuming a ration of alfalfa 
and when consuming rations of alfalfa and paper pulp in different 
proportions.^ The results were so striking that it seemed desirable 
to bring them to the attention of other workers in animal nutrition. 

EXPERIMENTAL PROCEDURE 

In the investigation referred to in the preceding paragraph five 
“long yearling” steers ^ were fed for a period of 226 days, and during 
that time a series of nine digestion trials was conducted. Four of 
the five steers were used in each of the first two trials and three of 
them were used in each of the last seven. The digestion trials were 
10 days in length and the intervals between them were: (a) 11 "days 
between trials on the same ration, and (b) 18 days between trials 
on different rations. It was during these nine digestion trials that 
the pulse rate data herein recorded were obtained. 


1 Received for publication, July 6, 1926; issued, November, 1926. 

2 Now associate biological chemist, Division of Animal Husbandry, Bureau of Animal Industry, United 
States Department of Agriculture. 

Benedict, F. G., and Ritzman, E. G. undernctrition in steers: its relation to metabolism, 
DIGESTION, AND SUBSEQUENT RE ALIMENTATION- 53S p., iUus. Washington, D. C. 1923, (Carnegie 
Inst. Wash. Pub. 324.) 

^ The complete data for this investigation are being published elsewhere. See Titus, H. W, 
THE MUTUAL INFLUENCE OF THE PROPORTION OF THE SEVERAL NUTRIENTS, IN FEEDS, ON THEIR DIGESTI¬ 
BILITY: I CRUDE FIBER—THE DIGESTIBILITY OF RATIONS CONTAINING VARYING AMOUNTS OP ALFALFA AND 
PAPER PULP. N. Mex, Agr. Expt. Sta. Bui. 1^. (In press.) 

5 Their average initial live weight was 586 pounds and their average final live weight was 774 pounds. 
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The w'ei^ht of feed given daily to each steer was 12 pounds one 
half of this being fed at 5 p. m. and the other half at 6.30 p. ni. ’’ 
One steer received alfalfa and two received mixtures of alfalfa and 
paper pulp, in different proportions, throughout the investigation; 
the other two steers received alfalfa part of the time and mixtures of 
alfalfa and paper pulp the rest of the time (Table 3). 

The steers were watered at 3 p. m. and 10 a. m. Pulse rates 
were taken during the half-hour period preceding each watering; 
the technic of Benedict and Ritzman was employed.® 

COMPOSITION OF THE COMPONENTS OF THE RATIONS, AND OF 

THE RATIONS 

The composition of the dry matter of the alfalfa and paper pulp 
used in compounding the rations is given in Table 1. The com¬ 
position (as fed) of the feed used in the nine digestion trials is given 
in Table 2. Five different rations (four of them definite mixtures 
of alfalfa and paper pulp) were fed. The percentage of each of the 
two components in each of the rations was as follows: 

Kation Kation Kation Kation Ration 
No. 1 No. 2 No. 3 No. 4 No. 5 

Alfalfa (per cent)--- 100 85 70 55 40 

Paper pulp (per cent)-- 0 15 30 45 60 

The first cutting of alfalfa of very good quality was used throughout 
the investigation. The paper pulp employed was a high-grade whole 
rag commercial jjroduct. The main constituent of the paper pulp 
was cellulose which (determined as crude fiber) made up approxi¬ 
mately 87 per cent of the dry matter. 

Table 1. —Composition of the dry matter of the alfalfa and paper pulp 

ALFALFA 


Statistical constants 

Ash 

Pro¬ 

tein 

. 

j Non- 
' protein 

1 

Crude 

fiber 

Ether 

extract 

Nitro¬ 

gen- 

free 

e.\tract 

Total 

nitro¬ 

gen 

Pro¬ 

tein 

nitro¬ 

gen 


Per 

Per 

Per 

Per i 

Per 

Per 

Per 

Per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Mean. 

10.97 

14.03 

2.12 

32.78 

1.62 

38.48 

2.694 

2.244 

Probable error of mean. 

±.03 

±.06 

±.02 

±. 10 

±.01 

±.08 

±.009 

±.009 

Standard deviation. 

±. 19 

±.40 

■±. 14 

±.70 i 

±.09 

±.55 

±.064 

±.065 

Coefficient of variation. 

1.76 

2.88 

6.74 

2,15 

5.49 

1.42 

2.39 

2.88 


PARER PULP 


Mean . 

ProbaWe error of mean. 

Standard deviation. 

Coefficient of variation. 


0.94 

0.19 

Trace. 

87.12 

0,10 

11.64 

0.a30 

0.028 

±.03 

±.02 


±. 26 

±. Oi 

rlr. 25 

±,002 

±.002 

±.20 

±.09 


±1.46 1 

±.04 

±1.44 

±.009 

±.010 

21,08 j 

46.02 


1.67 

35.87 

12.37 

29.11 

46.02 


f Computed from the results of 22 separate analyses; the average moisture content of the 22 samples 
was 8.44 cent. 

6 Computed from the results of 15 separate anal3r5e3; the average moisture content of the 15 samples 
was 5.67 per cent. 

* Except in the case of one steer (No. 44), which was fed 9.5 pounds, 10.5 pounds, and 9.5 pounds per day 
during the last three digestion trials (Nos. 7, 8, and 9), respectively. 

? The experimental day began at 12 m. 

* Benedict, F. G., and Ritzman, E. G. undernxjteition in steers: its relation to metabolism, 

DIGESTION, AND SUBSEQUENT REALIMENTATION. 333 p., illus. Washington, D, C. 1923. (Carnegie Inst. 
Wash. Pub. 324.) ' . ' ® 
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Table 2. —Composition of the feed used in the nine digestion trials “ 


Ration No. 

1 

1 Diges- 
' tion 
trial 
No. 

Mois¬ 

ture 

I i 

Ash 

Protein 

! 

Non¬ 

protein 

Crude 

fiber 

Ether 

extract 

Nitro¬ 

gen- 

free 

extract 

Total 

nitro¬ 

gen 

Protein 

nitro¬ 

gen 



Per cent 

Per cent \ 

Per cent 

Per cent] 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 


r 1 

8.33 

10.25 

13.64 

1.84 

29.68 

1.59 

34.67 i 

2.573 1 

2.182 



L 2 

8.85 

9.80 

12.71 

2.02 

! 29.84 

1.54 

35.24 

2.464 

2.034 


iJ 

r 3 

8.32 

8.64 

10.63 

1.63 

! 38.06 

1.26 

31.46 

2.047 

1.701 


11 

l 4 

9.76 

8.17 

10.26 

1.55 

i 38.52 

1.17 

! 30.57 

1.971 

1.642 


I) 

r 5 

8.32 

6.99 

8.38 

1.55 1 

' 46.61 

.92 

27.23 

1.672 

1.341 


ii 

l 6 

7,15 

7.05 

8.55 

1.38 

47.07 

i .96 

27.84 

1.660 

1.368 


!J 

r 7 

6.57 

5.90 

6.80 

1.05 1 

55.50 

.67 

23.51 

1.310 

1.088 


ii 

L 8 

5.44 

6.01 

7.21 

1.10 1 

55.86 

.67 

23.71 

1,386 i 

i 1.152 

5. 

1 ^ 

1 1 

4.87 

4.71 

1 

5.06 

.79 1 

63.90 

.45 

i 

20.22 

.977 

.810 


o As fed. 

THE PULSE RATES 

The pulse rates are given in Table 3; these are the averages of the 
afternoon (2.30 p. m.) and morning (9.30 a. m.) pulse rates. The 
morning pulse rates were almost invariably greater than the after¬ 
noon pulse rates; the former averaged 2.8 beats per minute more than 
the latter. The individual average differences were as follows: 
Steer No. 41, 3.1; steer No. 42, 5.1; steer, No. 43, 1.6; steer No. 44, 
2 .2; steer No. 45, 1.9; average, 2.8. 


Table 3. —The feed and the pulse rates of the steers 


Digestion 
trial No. 

Feed given 

Average pulse rates “ 

Steer 
No. 41 

Steer 
No. 42 

Steer 
No. 43 j 

1 

Steer 
No. 44 

Steer 
No. 45 

1. 

Ration No. 1... __ 

1 Beats per 
minute 
(^) 

(*•) 

Beats per 
minute 

59.3 
58.0 

56.1 

57.8 

63.9 

58.4 
65.0 
62.6 

64.1 

Beats per 
minute ' 

54.0 

52.1 

53.8 

53.8 

56.1 

58.2 

65.8 
64.7 
66.1 

Beats per 
; minute 
j «63.7 
**67.9 

Beats per 
minute 

56.7 

54.4 

58.2 

58.9 

62.6 

66.1 

2. 

.do______ 

3. 

Ration No. 2.... „ 

4. 

.do... 



5. 

Ration No. 3. 



6. 

.do... 



7. 

Ration No. 4... 


* 60.0 
/61,6 
f 60.9 

8. 

_do____—_ 



9. 

Ration No. 5.. 



(A). 




3. 

Alfalfa »■.. 

76.1 
70.0 

69.2 
69.1 
64.9 

58.7 

59.8 



53.2 
; r>4.0 

52.5 
! 53.4 

1 


4. 

.do.. 




6. 

.do.-... 




6. 

_do.... 

* 



7. 

.do... 



« 58.4 
52.7 
54.5 

8. 

.do —.A-- 


1 

9. 

.do...... 








« The pulse rates riven in bold-face figures are the ones around which the discussion centers. 

Pulse rates were not taken. Steer No. 41 was not used in any of the digestion trials. 

e This steer had a higher temperature (rectal) than the others during this digestion trial and went **ofE 
feed” for several days following this trial. 

^ This steer had a higher temperature (rectal) than the other steers during this digestion trial and did 
not eat all the feed offered it. 

* A week after the end of digestion trial No. 6 steer No. 45 had an impacted intestine. Steer No, 44 was 
used in place of steer No. 45 in the last three digestion trials. Steer No. 44 received only 9.5 pounds of feed 
per day during digestion trial No. 7, 

/ Received only 10.5 pounds of feed per day. 

0 Received only 9.5 pounds of feed per day» 

* Pulse rates given below the dotted line are for the steers not used in the digestion trials, 

* Essentially ration No. 1, 
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DISCUSSION 

The data given in Table 3 show that as rations containing increas¬ 
ing quantities of paper pulp (cellulose) were fed, there was a marked 
tendency for the pulse rate of the steers to increase. They also show 
that when (as in the case of steer No. 45) a ration consisting solely 
of alfalfa was fed in place of one containing paper pulp, the pulse 
rate dropped immediately; and that when (as in the case of steer 
No. 44, during the last seven digestion trials) a ration containing 
paper pulp was fed in place of one consisting solely of alfalfa, the 
pulse rate immediately increased, even though the weight of the 
ration containing paper pulp was less than that containing nothing 
but alfalfa. 

In the case of steer No. 41, which received a ration of alfalfa 
throughout the investigation, a steady decrease in pulse rate was 
observed. This animal, unlike the others, was^ rather nervous and 
did not become accustomed to its pulse rate being taken until after 
it had been under observation for several weeks. The drop in pulse 
rate between digestion trials No. 3 and No. 4 was probably due, 
at least in part, to the fact that the steer had become accustomed 
to having its pulse rate taken. A possible explanation of the decrease 
in pulse rate after the fourth digestion trial is that the fixed weight 
of alfalfa, which w^as fed throughout, furnished less and less energy, 
over and above that required for maintainance, as the weight of the 
animal increased. 

This decrease in the pulse rate of a steer on a fixed ration of alfalfa 
makes the increase in the pulse rate of the steers receiving rations 
containing increasing quantities of paper pulp of even greater 
significance. 

If the pulse rate is an index of the relative metabolic intensity, or 
metabolic level, it would seem as if a given weight of the paper pulp 
were more efficient than an equal weight of alfalfa in supplying 
energy. The results of the digestion trials showed that the dry 
matter of the paper pulp had an apparent digestibility of approxi¬ 
mately 77.56 per cent and that the dry matter of the alfalfa had 
an average apparent digestibility of 59.72 per cent, the latter coeffi¬ 
cient of digestibility being to the former as 1 is to 1.3. As will 
later be shown, this ratio is nearly the same as the ratio of the (calcu¬ 
lated) pulse rate which would result from feeding paper pulp alone 
to that found when alfalfa is fed alone. 

In order to secure a numerical measure of the effect produced by 
paper pulp on the pulse rate, the following equation was used: 

P = (A + mB)____(1) 

in which: 

P=pulse rate observed .when a given ration is fed. 

A == amount of alfalfa iii the ration (expressed as a fraction of the total ration). 
B =amount of paper pulp in the ration (expressed as a fraction of the total ration). 

(Note: A+B must equal unity.) 

pulse rate which would be observed if the ration consisted solely of alfalfa. 
m=ratio of the to-be-calculated pulse rate resulting from feeding paper pulp 
alone to that found when alfalfa is fed alone. 


® ^ abnormally high, as were the rectal temperatures during the first 

pason can not be compared with the pulse rates obtained during the seven 
which followed. See footnotes c and d of Table 3. 

See Table 3, footnotes <f, /, and g. 
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For the sake of conyenience, equation (1) may be written in the 


form: 

P =TcA + Tcjn'B _(2) 

or: 

P = irA4-?iB__(3) 


in which, n — Tcm (or m = nlTc), n being the calculated pulse resulting 
from the feeding of a ration consisting solely of paper pulp. 

We may now determine the values of Tc and n by substituting in 
equation (3) the values of P, A, and B and solving the resulting 
equations by the method of least squares. 

On treating the pulse rates, given in bold-face figures in Table 3, 
in the manner outlined above, we get the following values for 1% n, 
and m: 


Steer No. 42_ 

Steer No. 43_ 

Steer No. 45. 

Average (weighted) 


k 

n 

m 

57.33 

69. 52 

1. 21 

51. 51 

76. 73 

1. 49 

55. 08 

83. 53 

1. 52 

55. 05 

73. 44 

1. 33 


The values of m for steers Nos. 43 and 45 agree quite well; the 
value for steer No. 42 is much lower than it is for the other steers. 
Incidentally, the difference between the morning and the afternoon 
pulse rate of steer No. 42 was greater than that of any of the other 
steers and,' in general, the pulse rate of this steer showed the greatest 
fluctuations. This may account for the low value of m obtained 
with steer No. 42. In view of the fact that the conditions under 
which the pulse rates were taken were not rigidly controlled, it 
seemed best to treat the pulse rates of these three steers as though 
they were for one animal, and in this way secure an average value 
of m. This average value of m was found to be 1.33, which is very 
nearly the same as the value of the ratio of the coefficient of apparent 
digestibility of alfalfa to that of paper pulp. The agreement be¬ 
tween these two ratios seems to indicate that the digestible portion 
of paper pulp is at least equivalent to the digestible portion of alfalfa 
as a source of energy. 

Although Benedict and Ritzman considered the pulse rate as 
a crude, approximate index of the metabolic intensity, it may be that 
if a highly refined technic were worked out for securing an average 
pulse rate over an extended period of time, this pulse rate would be 
a rather accurate index of the metabolic intensity and of great w^orth 
in comparing the nutritive values of feeding stuffs. 


CONCLUSION 

Cellulose (in the form of paper pulp), when substituted for an equal 
weight of alfalfa, in a ration consisting solely of alfalfa, tends to cause 
an increase in pulse rate, which is proportional to the amount sub¬ 
stituted. 


Benedict, F. G., and RiTZM.iN, E. G. undebnutrition in steers: its relation to metabousm , 
DIGESTION, AND STrssEQUENT REALIMENTATION. 333 p., illus. Washington, D. C. 1923. (Carnegie Inst. 
Wash. Pah. 324.) 
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BOTRYTIS NECK ROTS OP ONIONS ‘ 

* By J. C. Walker 

Pathologist, Office of Vegetable and Forage Diseases, Bureau of Plant Industry, 

United States Department of Agriculture, and Associate Professor of Plant 

Pathology, University of Wisconsin 

INTRODUCTION 

The serious nature of losses due to Botrytis infection of onion 
bulbs first came to the writer’s attention in the late autumn of 1915. 
During the subsequent winter the damage from this malady in mid- 
western onion-growing districts was of such magnitude as to leave 
no doubt as to its importance. Investigations were begun in 1917 
upon the nature and causes of the disease and possible remedial 
measures. About the time this work was started, Mxmn {20^ pub¬ 
lished his report in which the cause of neck rot of onion was attributed 
to Botrytis allii Munn. His findings, in so far as they relate to the 
cause of the disease, have in the main been confirmed. In addition 
it has been found that a second species, B. lyssoidea Walker is the 
more common cause of neck rot in Wisconsin and Illinois sections, 
and that a third species, B. squamosa Walker also causes a neck-rot 
decay (S^)- 

It is the purpose of the present paper to review briefly the history 
of neck rot as so far treated in the literature, and to report studies 
upon the three forms of neck rot which are now known to occur. 
Since each of these three forms produces distinct symptoms and is 
caused by a distinct species of Botrytis, the three maladies must in 
any critical consideration be regarded as separate diseases. On the 
other hand, their similarity in so many respects is justification for 
referring to them by a group name which will indicate that they are 
similar diseases caused by closely related organisms. There are 
several reasons for allowing the term “onion neck rot” to apply to 
the group. It is an accurate and adequate common term already in 
good usage; it was probably applied to one or all of the three diseases 
before any clear differentiation was made; and aU three parasites 
invade the onion bulb chiefly through the neck tissues. 

For differentiating between the three types of neck rot it has been 
suggested that descriptive adjectives be used (34)- For the form 
already described by Munn {20) as due to Botrytis aUii, the term 
“gray-mold neck rot” is used because of the prompt and abimdant 
production of gray conidial masses upon the decaying host tissue. 
For the second form, due to B. hysso^ea, the name “mycelial neck, 
rot” is suggested because of the predominance of mycelium and the 


1 Received for publicstion July 13, 1926; issued December, 1926. 

2 Reference is made by number (italic) to “Literature cited,p. 926. 
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scarcity of conidia on the decayed host tissue, as compared with the 
preyious form. For the third''form, due to B. squamosa, the name 
‘'small sclerotial neck rot'^ is suggested because the appearance of 
small sclerotia upon affected scales (i. e., small as compared with 
those of the other two forms) is an early and fairly constant sign of 
the disease. 

HISTORY AND DISTRIBUTION OF ONION NECK-ROT DISEASES 

The first description of onion neck rot was apparently that by 
Sorauer in Germany in 1876 {25). He again described it in the 
second edition of his textbook, in 1886 {26, p. 294-297). The 
symptoms which he has recorded correspond closely with those 
later giyen by Munn {20). He considered the form of Batrytis 
causing the disease to be Botrytis cana (Pers.) Fr. and the sclerotia 
probably to be identical with those which had been previously 
described as Sclerotium cepae Berk, and Br. He inclined to the 
yiew that the latter would give rise to an ascigerous stage identical 
with Sclerotinia iucTceliana but did not adduce any evidence to 
substantiate this view. It is likely, considering the size of conidia 
which he reports, that the form he had under observation was identical 
with B. aim Munn. He was able to reproduce the disease by 
artificial inoculation of healthy bulbs with conidia, but noted that 
the success of such inoculations depended on the presence of humid 
conditions. The severity of the disease in the field was dependent 
to a marked degree upon the amount of humid weather which 
prevailed about harvest time, a factor which later workers havedike- 
wise found to be of great importance. He was unable to produce 
infection upon healthy, vigorous, green onion leaves. He noted the 
conspicuous varietal differences in susceptibility, which have been 
recorded many times since, namely, that the white type of onion is 
very susceptible, whereas the yellow and red types are much less 
seriously affected. 

Frank {8) described the disease, also from Germany, in his text¬ 
book in 1880. He added little to the facts given by Sorauer except 
that he claimed to have produced infection upon the gi-een leaves of 
onion by means of artificial inoculation. He considered the causal 
organism to be identical with Botrytis cinerea Fr. Sjuith {24) in 
1900 discussed the onion neck-rot disease which he found at Munich, 
Germany, and pointed out that the organism was distinct from 
B. cinerea both with respect to the shape of conidia and with regard 
to the low, creeping growth of the fungus as it sporulated upon decay¬ 
ing onion tissue. He was most likely working with B. allii. 

A neck-rot disease was first reported from England by Massee 
{18) in 1894. Though he attributed the cause to Sclerotinia hul- 
borum Wakker, experimental proof of the causal relations is lacking. 
An illustration showing the disease, in a later publication {19), 
indicates that he was dealing with either Botrytis allii or B. hyssoidea. 
Cotton and Owen (7) later reported the occurrence of B. allii in 
England. 

In 1903 Voglino {29) distinguished the Botrytis disease of onion 
found in Italy from that caused by Sclerotium cepivorum Berk, 
and referred the neck-rot fungus to S. amhiguum Duby. 
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Hanzawa (10) in 1914 reported a Botrytis disease of onion bulbs 
in Japan. He gave the size of conidia as 8.4 to 16.8 by 6.3 to 10.5 }jl 
and considered that it was probably identical with Botrytis cinerea. 
These measurements correspond most closely with those of B, 
lyssoidea, but it is impossible to determine with certainty from his 
meager description whether the form he studied was 5. allii or B. 
lyssoidea. 

Halsted (9), the first to record the disease in America, gave a 
brief report of its occurrence in New Jersey in 1890, and referred to 
the causal organism as Botrytis parasitica Cav. Clinton {/f., 5) 
reported serious epiphytotics of neck rot upon white onions in 
Connecticut in 1902 and 1903. He reported that the fungus caused 
yellowish spots on the leaves of the onion plant in July and also 
blasted the flowers of the seed plant. He pointed out the importance 
of humid weather in bringing about heavy infection and attributed 
the absence of the disease in 1904 largely to the dry weather which 
prevailed during July and August of that year. 

Selby (23), writing in 1910, considered this to be the most serious 
. disease of white onions in Ohio. He erroneously identified the causal 
agent as Sclerotium cepivorum. This fungus, described originally by 
Berkeley (1), produces minute sclerotia, while the diseased speci¬ 
mens illustrated by Selby are characteristic of those produced by 
Botrytis allii and by B. hyssoidea, Humbert (13), writing on the 
same disease from Ohio, also referred to the causal organism as 8. 
cepivorum, but that this interpretation is erroneous is obvious from 
his description of conidia and his illustration of a diseased onion 
bulb, which is similar to that published by Selby. 

A neck-rot disease of onion was destructive to onions in Oregon 
in 1912, according to Jackson (14)j and from his description it is 
apparent that Botrytis allii was the chief causal agent in that case. 
Munn (20) found neck rot repeatedly in New York and Michigan 
from 1913 to 1916, and described the disease as caused by B. cdlii. 
The data accumulated by the Plant Disease Survey (3, 6,11, 15, 28) 
from 1921 to 1925 are sufficient to show that onion neck rot is wide¬ 
spread in this country. Although more consistent losses are perhaps 
sustained in the North, most onion-growing areas suffer from time 
to time, while the damage in a given locality varies widely with the 
season. 

In many of the references cited above it is hardly possible to dis¬ 
tinguish between the three types of neck rot. In practically all of 
the instances noted it is quite evident that the causal organism was 
either Botrytis allii or B, lyssoidea. B. squamosa seems heretofore 
to have attracted little attention. B. allii has been isolated by the 
writer from bulbs grown in California, midwestern States, Pmnsyl- 
vania, and Connecticut, and Munn (20) obtained it from Michigan 
and New York bulbs. Moreover a culture isolated from onions in 
France and forwarded to the writer by the Centralstelle fur Pilzkul- 
turen at Baarn, Holland, under the name of B. cana was found to be 
identical with B. allii. The mycelial neck-rot form, B. lyssoidea, 
has been isolated from bulbs grown in midwestern States and in 
Connecticut, and was found by the writer on onions in the market 
at Paris, France, in 1922. It would appear, therefore, to be quite 
as widespread in its occurrence as B. allii. The small sclerotial 
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form, B. squamosa, has so far been isolated by the writer only from 
onions grown in the Middle West, but no extensive search has been 
made for it elsewhere. 

BOTRYTIS AND SCLEROTIUM FORMS PREVIOUSLY DESCRIBED 

ON ALLIUM 

The Botrytis and Sclerotium forms upon species of Allium which 
have been described in literature present a very confusing situation 
to the reader. Many of these are the result of collections made on 
dying or dead parts and may or may not have a connection with the 
neck-rot forms. One of the first sclerotial forms on Allium cepa to 
be described in Europe was Sclerotium cepivorumf&erkdej {!). A 
recent survey has shown this to be widespread in Europe and to 
occur in America {SI), There should be no cause for confusing it 
with the Botrytis forms on onion for it lacks conidia and has much 
smaller sclerotia, but nevertheless it has been confused with these 
forms by Sorauer {26), Bruck {2), Selby {23), and Humbert {IS), 
Massee {18) refers to the form associated with neck rot as identical 
with Sclerotinia lulborum Wakker on hyacinths, but there seems to 
be no justification for his statement. Voglino’s reference {29) of the 
Botrytis found on Allium cepa to Sclerotium amiiguum Duby seems 
unwarranted. The identity of the neck-rot Botrytis with Botrytis 
cinerea has been suggested by Frank {8) and Hanzawa {10), but the 
differentiation between the latter and the onion form from Germany 
with which he worked was pointed out by Smith {24-), and the dis¬ 
tinction between B. cinerea and B, allii was later made by Munn 
{20). There is no ground for considering either of the Botrytis 
forms on onion identical with B. cana, as suggested by Sorauer {26), 
with B. aclada Fres. {21, v. 4-, p. 131), with S,fulva Link Abt, 8, 
p, 280-281), or with B. vulgaris Fr. var. interrupta Fr. {21, v. 4, V-129) 
the last three of which have been found on dead scales or stems of 
Allium. B. parasitica Cav., reported on Allium ursinum {16, Abt. 8, 
p. 292), and referred to by Halsted {9) as the cause of onion neck 
lot, has been studied recently by Hopkins {12) and is undoubtedly 
distinct from all the onion forms. 

Saccardo {21) describes several species of Sclerotium which have 
been found on living or dead parts of various species of Allium. It is 
not likely that any of these forms are identical with either of the 
sclerotial forms associated with onion neck rot. Sclerotium ambiguum 
Dub^r, S. inconspicuum Lib., S. pulveraceum Dur. and Mont., and S, 
sepivorum Berk. {21, v, 14, p^ 1150-1151) are all described as having 
very small sclerotia, smaller than those of Botrytis squamosa. A form 
producing thin, ovate-oblong, minute sclerotia, described as occurring 
on Allium vineale, suggests some similarity to B. squamosa, but this 
form was ascribed to S. iulipae Lib. var. hyacinthi Guep. {21, v. 14, 
p. 1172), which has been described fully by Hopkins {12) and presents 
no close similarity to the onion neck-rot forms. S. hrassicae Pers. 
{21, V. 14, p- 1164-1165), and S. durum Pers. {16, Abt. 9, p, 674-075) 
are described as producing very large sclerotia. The former, found 
on Allium victorialis, yielded no Botrytis form, while the latter was 
said to produce a Botrytis stage identical with B. cinerea. 

An undescribed species of yellow-spored form of Aspergillus was 
isolated from Italian-grown garlic by E. D. Eddy in 1919. This 
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species was found by the writer to be pathogenic upon onion bulbs 
as well as upon garlic. It produces in the decayed bulb tissue dark 
brown to black, slightly elongate sclerotia 1 to 2 mm. in length, 
which might be confused with other forms. The yellow color of 
the spores and the brown cast of the sclerotia are the chief char¬ 
acters by which it is readily distinguished from the above-mentioned 
sclerotial forms on onion. The causal organism has been recently 
described as Aspergillus alliaceus Thom and Church (27). 

Sclerotium foljsii is sometimes found on bulbs of garlic, but as yet 
no occurrence on onion bulbs has come to the writer’s attention. 
The sclerotia are readily distinguished from those of the above form 
by their decidedly lighter brown color. 

Sawada {22, p, 206-209) has described a disease of Allium cepa 
and Allium fistuLosum which occurs in Japan and Formosa. This is 
attributed to a newly described species, Sclerotinia allii Sawada. The 
malady is one which attacks the leaves and stems of the growing 
plant, hovrever, and is not reported as a storage decay of bulbs. 
Sawada states that Sclerotinia lihertiana Fuckl. {Sclerotinia scleroti- 
orum (Lib.) Massee) also attacks onion plants in Japan, but so far 
as the writer is aware this fungus has not been authentically described 
elsewhere as an onion pathogene. 

GRAY-MOLD NECK ROT 
SYMPTOMS 

Gray-mold neck rot is found most commonly upon the bulbs after 
harvest, infection taking place most readily through the neck tissues. 
The first sign of the disease is the softening of the affected scale tissue, 
which takes on a sunken, cooked appearance characteristic of the 
advancing zone of the diseased areas. The margin between the 
diseased and healthy tissue is quite definite, and since the effect 
upon the host cells is produced somewhat in advance of the hyphae, 
usually little evidence of the fungus is visible there. As the mycelium 
multiplies in the older diseased area the affected tissue becomes 
grayish in color, and later a dense grayish mycelial mat often develops 
upon the surface of the scale. Under average conditions, conidial 
production is prompt. A dense layer of gray mold consisting of 
comparatively short conidiophores and myriads of conidia is produced 
on the outer diseased scales. The early production of spores, even 
under average room conditions, is characteristic of this form, whereas 
the other two forms are more tardy in sporulating. 

The disease progresses most rapidly down the scales which have 
been originally infected in the neck, while the spread from one scale 
to another proceeds somewhat more slowly. In a cross section of a 
partially rotted bulb, at the advance margin of the disease, the paren¬ 
chyma has a distinctly water-soaked appearance. A few millimeters 
above this point a grayish tinge and slight shrinkage in the decaying 
tissue become evident, while still farther up the shrinkage of the scales 
and the development of mycelium increase. On the outer scales 
conidial production is pronounced. Sclerotia occur in connection 
with the older decayed tissue, first as whitish mycelial masses, which 
become darker with age until they assume the appearance of hard, 
black, rounded, kernel-like bodies, spherical, oblong, or irregular, and 
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varying from 1 to 3 mm. or more in length. They form usually on the 
outer surface of the scale or are slightly embedded iu th(^ diseased host 
tissue. 

Occasionally infection takes place through the bases of onion scales 
or through wounds. The results—the progress of the disease and the 
appearance of the tissue—in such cases are quite similar to those in 
cases of neck infection. The older decayed bulb presents the appear¬ 
ance of a “mummy.'' While the host tissue in the beginning of its 
decay is somewhat watery, it desiccates rather promptly and does not 
give the appearance of being affected by common bacterial soft rot. 
The moisture which is released is often sufficient, however, to stimu¬ 
late growth of the central bud, and the premature sprouting of affected 
bulbs is a common sign of the disease. Little or no offensive odor is 
occasioned by neck-rot decay. Commonly, however, soft-rot bacteria 
follow close upon Botrytis allii, in which case a more watery decay and 
more odor result. Certain phases of the disease are illustrated in 
Figure 1. 

Botrytis allii, being a faculative saprophyte, develops commonly 
upon dead onion parts and other refuse in the field. Munn {20) 
reports finding it also upon the roots, leaves, and flower parts of the 
onion plant. It would appear from his experiments that the organism 
may act as a parasite upon the aerial parts of the growing plant. The 
writer has never found any of the three Botrytis forms attacking the 
actively growing parts of the plant. The older dying leaves and the 
tips of leaves turning yellow from other cause often show Botrytis 
conidial production during moist weather, but the actual initial dam¬ 
age caused by Botrytis is not ordinarily noticeable under mid- 
western conditions, 

THE CAUSAL ORGANISM (BOTRYTIS ALLII) 

The septate, branching mycelium of Botrytis allii has little in the 
way of distinctive characters. It is hyaline for the most part, some¬ 
times taking on a slight tinge of color with age. The aerial hypae en 
masse have a smoky-gray cast, but only in the conidiophores do the 
walls take on a deep-brown color, 

Appressoria, or holdfasts, are commonly formed by repeated branch¬ 
ing of hyphae which comes into contact with the host surface or 
with the glass containers of pure cultures. The mycelium in these 
bodies for the most part contains denser cytoplasm than is found 
elsewhere, and the walls commonly are darkened in color, giving 
often a very dark macroscopic appearance to the holdfasts. 

^ Sclerotia are commonly formed in or upon the decayed host 
tissue. The conditions which promote the formation of these 
resting bodies have not been worked out. It is not uncommon for 
an onion bulb to suffer complete decay without the production of 
sclerotia, but usually abundant sporulation takes place. Newly 
formed sclerotia appear as white, dense, velvety masses of mycelium, 
which soon darken somewhat. As development continues the 
surface assumes a waxy appearance, light brown at first, gradually 
becoming darker, until a hard, black, kernellike mass results. The 
mature sclerotia are variously shaped; they are rounded on the upper 
surface and are either flat or concavely depressed on the lower side 
when attached to the outer surface of the onion scale. They vary 
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in size from 1 mm. or less to 4 or 5 mm., but most of them measure 
from 2 to 4 mm. It is not uncommon, however, to find many 
sclerotia aggregated into a crusty mass of considerable size. In 



Fig. 1.—a, gray-mold neck rot (Botrytis alUi). Natural infection. At left, Crystal 
Wax variety showing neck infection; at right, White Globe variety showing infection 
through base of bulb. Note characteristic gray mold on the decayed tissue. B, 
Crystal Wax bulbs inoculated with Botrytis allii through needle wounds, placed 
in moist chambers, and incubated (left to right) at 18°, 23°, and 26° C., respec¬ 
tively, for eight days. G, Crystal Wa.K bulbs inoculated with Botrytis byssoidea 
but handled otherwise like those in B. Note in B and C that the decay was most 
rapid at 18° 0., somewhat less rapid at 23°, and very meager at 26° 


cross section they exhibit a pseudoparenchymatous structure con¬ 
sisting of closely packed mycelial threads. The several outer layers 
consist of dark-walled cells which give the external black color to 
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the bodies; the remaining interior is made up of hyaline cells. Under 
suitable conditions the sclerotia germinate either by sending out 
hyaline mycelial branches or by the direct production of conidio 
phores upon their surfaces. 

The conidiophores are produced directly from the free mycelium 
in the tissues or from sclerotia. Branches are^sent up approximately 
at right angles to the mycelial thread. (Fig. 6, A.) These are 
hyaline at first and remain so in the region of the growing tip, l)ut 
the older portions of the conidiophore walls become gradually darker 
until they are a deep brown. They vary from 6 m to 20 ju or more 
in diameter, are septate and occasionally branched, a,nd usually 
attain a fairly uniform height above the surface of the host. With 
their profuse production of spores, they give a low, dense, gray-mold 
appearance, often distinguishable from the higher and less-compact 
habit of Boirytis iyssoidea. The growing tip of the conidiophores 
preliminary to spore production sends out several side branches 
from the main stem and these rebrtoch once or twice. (Fig. 6, B.) 
The ends of these branches become rather swollen, and from these 
rounded tips the sterigmata which later produce the conidia are 
sent out in large numbers. (Fig. 6, C, D.) These sterigmata, after 
attainitig a length of 1 At to 2 swell at their tips to form the spores. 
This ta&s place almost simultaneously on all the sporiferous tips. 
(Fig. 6, E.) While the spores are enlarging they are not readily 
detached from the conidiophore, but when they are mature they 
disperse readily when placed in liquid or when exposed to air cur¬ 
rents. Cleavage of the spore usually takes place at the top of the 
sterigma, and the sterigma is not usually attached to the spore after 
dispersal. About the time of spore maturation, cross walls are laid 
down, first just behind the sporulating tips and finally in close 
proximity to the main stalk of the conidiophore. Degeneration 
begins above these septa, starting with the sterigmata and continuing 
with the sporiferous branches. (Fig. 6, F.) 

The main branch of the conidiophore proliferates by extending 
upward (fig. 6, G), and in due time it again branches and repeats the 
process of sporulation. Each point of sporulation on the main stalk 
is marked by slight scars or knobs on the conidiophore where the 
septa were laid down to cut ofl:’ the degenerating sporulating branches. 
(Fig. 6, H.) By this time the walls have usually become dark col¬ 
ored. The conidiophore may thus sporulate and proliferate several 
times during the course of its development, and the region of sporu¬ 
lation is marked each time by the group of scars where the branches 
were cut off, while the conidia remain grouped around these points 
if no liquid chances to come in contact with them or if they are not 
blown away by air currents. With age the conidiophore becomes 
flattened and twisted. Thus in nature it is not uncommon to find 
conidiophores 1 or 2 mm. in length with groups of spores adhering 
to them at regular intervals. Occasionally one of the sporulating 
branches does not degenerate but also proliferates and continues to 
sporulate, thus giving rise to the occasional branch found with the 
conidiophores of Botrytis allii. 

In describing this phase of the morphology of the organism, 
Munn (20) does not mention the branching of the conidiophore 
previous to sporulation, and in describing and figuring the scars upon 
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the main stalk he intimates that the conidia are produced directly 
upon them. It is not always easy to demonstrate the exact origin 
of the conidia, chiefly because the mature conidia disperse as soon 
as placed in water mount, but after repeated examination of the sporu- 
lating tips before the spores are mature and thus not readily detached, 
there is no reason to doubt that they are always formed in the 
manner just described. 

The conidia are oblong to elliptical in shape, hyaline, and con¬ 
tinuous. (Fig. 6, I.) They vary in size over a considerable range 
(6 to 16 by 4 to 8 m), but measurement of a considerable number 
shows that a majority fall within the range of 7 to 11 by 5 to 6 ja. 
The frequency distribution of length and width for a number of strains 
growing on onion tissue and on potato agar, as given in Table 1, show 
a reasonable degree of constancy in range of size. By comparison 
with measurements of several strains of Botrytis hyssoidea and of 
B. squamosa given in the same table, it is evident that B. allii falls 
in a class the average measurements of which are somewhat smaller 
than those of the other two species which affect onion bulbs. Ger¬ 
mination takes place under favorable conditions in 12 to 14 hours 
by the production usually of a single germ tube, occasionally of twm, 
and almost always without septation in the spore during germina¬ 
tion. Microconidia are not common; they are globose, about 3 m 
in diameter, and are borne on short hyaline conidiophores. 


Table 1. —Conidial measurements from a number of strains of Botrytis allii, B. 
hyssoidea, and B. squamosa ® 


Species 

Strain 

No. 

Source 

Substrate 

Percentage of spores falling within the length 
(in microns) of groups indicated 

6 

7 

3 

1 

9jl0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


64 

Louisiana. 

/Potato agar.. 

— 

10 

32 

34 '16 

36 44 

6 

s 

2 


.. 

- 

.. 


- 

— 

-- 

.. 



.. 


65 

«. 

/Potato agar.. 
\Onion_ 


io 

2 

26 

16 

2824 
36 36 

6 

10 

'4 

■” 



- 

- 


- 

-- 

- 

-- 

.. 

- 


76 

Illinois. 

/'Potato agar.. 

2 

10 

14 

■i 

14 22 
38 40 

10 

10 

14 

4 

4 

2 

4 

2 

2 

4 

.. 

■■ 

:: 

" 

.. 

- 

- 

- 

Botrytis allii.-. 

77 

,do. _ _ 

Potato agar.. 

.. 

"s 

14 

22 30 

16 

2 

4 

4 








__ 


83 

Ohio. 

{ _do. 

\Onion.. 

- 

12 

22 

18 

24 28 
56 20 

10 

6 

2 

2 


- 

.. 

- 

-- 

- 

II 

.. 

- 



86 

„.do_ 

Potato agar.. 


4 

36 

3016 

12 

2 









■ 




88 

Pennsylvania_ 

_do_ 

2 

20 

24 

26 20 

4 

2 

2 










1 


96 

Illinois 

Onion_ 




32 

[40 

20 

4 

4 









.. 




lOO 

California_ 

_do_ 

12 

36 44 

8 

















42 

Wisconsin __ 

_do_ 



0 

2 

4 

2 

12 

12 

30 

22 

2 

8 

2 

2 







70 

Illinois _ 

_do_ 





2 

6 

10 

28 

28 

M 

4 

2 

6 








80 

Wisconsin.. 

.do_ 




4 '12 

2614 

20 

12 

2 

4 

2 

2 

2 






89 

Illinois. 

/Potato agar.. 
\Onion_ 

- 

__ 

6 

2 

8 

30 22 
50 30 

20,20 

6L _ 

6 







.. 


- 

.. 

Botrytis byS' 

90-1 

_do_... 

Potato agar.. 




6 

30 44 

16 

2 

'0 

'0 

’2 









soidea. 

90-5 

do 

_.do_ 




6 

6 20'34 

16 

12 

6 










90-7 

yy.do-. 

.do_ 



- 

2 

1016 

26 

16 

14 

6 

'8 

’2 









98 

Wisconsin _ .. . 

Onion leaf_ 





__ 

20 

52 

12 

8 

8! 











101 

.do. 

_do_ 





4.36 

16 

44 













114 

France _ 

Onion 



2 

5 

17 

45 

23 


"i 











94 

Illinois - _ 

_do_ 






4 

32 

20 

28 

12 


1! 








Botrytis squa¬ 

f 27 

Wisconsin.. 

Potato agar.. 


1 

--L- 





2 

6 

16 

20 

1 

18 

12 

20 

6 





1 30 

_do_ 

_do_ 


1 






2 


S 

6 

8 

22 

18 

18 12 

6 


mosa. 

134 

.do. 

.do. 

1 

" 


-- 

" 1 "' 

-- 

-- 

3 

"4 

15 

15 

17 

17 

11 

7 

9 

1 

1 


«In most cases 100 spores from each strain were measured. 

Culture No. 65 was furnished by M. T. Munn, New York State Agricultural Experiment Station. 
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Table 1. — Co niched measurements from a number of strains of Botri/lis aJlii, B. 
byssoldeOj and B. squamosa —Continued 


Species 

Strain 

No. 

Source 

Louisiana- 

Substrate 

P(‘rc<‘utag<‘. of spoil's falling within 
the widtli (in microns) of gioups 
indicated 

4 

5 

58 

18 

6 

■10 

66 

7 

8 

u 

10 

11 

12 

13 

14 

15 

10 

17 

18 


bi 



16 













05 

O-. 

/Potato agar. 

2 

S8 

() 

10 

,1‘> 

4? 

io 

- 

- 

- 

- 

- 

- 

- 

-- 

- 

- 


76 

Illinois... 

/Potato agar- 

1 

f}8 

18 

26 

60 

2 

20 


- 

I 


- 



-- 


I 

- 


h.r. 

do 


0 

80 

14 














* 


/ do . 


f)4 

3() 














83 

Ohio.. 



38 

60 

•> 













86 



4 

58 

3(i 

2 













88 


do _ 


62 

38 














96 

Illinois 

Onion__ 


24 


8 













100 

California..-- _ ' 

_do_ 

30 

48 

16 














42 

Wisconsin _ 

do._- _ 


2 


26 

56 

14 

0 










70 

Illinois ^ 

..do _ _ _ 



0 

24 

28 

32 

10 










80 

W’isconsin.. 

_do_' 


4 


34 

30 

IS 

2 



__ 







8i‘ 

Illinois. 

/Potato agar. 

\Onion _ 


2 

fi 

28 

28 

()2 

32 

8 

2fl 

8| 

-- 

-- 



-- 

- 

” 


Botrytis bys- 

90-1 

_do_ 

Potato agar_ 




08 

30 

"2 










soidea. 

90~5 

do_ 

-do_ ^ - _ _ 




24 

00 

14 

2 









90-7 

.do. 

_do_ 



”6 

38 

2() 

12 

4 

‘4 



-- 






98 

Wisconsin. 

Onion leaf__ 



8 

00 

28 

4 











101 

_do_ 

_do_ 


24 

28 

48 













114 

France____ 

Onion_ 



17 

74 

'9 












94 

Illinois _ -_ 

___do _ 



20 

44 

32 











Botrytis squa¬ 

f 27 

Wisconsin.. 

Potato agar_ 






2 


12 

38 

24 

22 

2 




30 

.do.. 

.do . 







”2 


4 

22 

36 

24 

io 

”2 


mosa. 

;l 134 

_do_ 

-do_ - - _ 






’3 

8 30 

29 

9 

10 

7 

3 


"i 


1 








__ 









Culture No. 65 was furnished by M. T. Munn, New York State Agricultural Experiment Station. 


PATHOGENICITY 

Munn (20) has already given conclusive proof of the pathogenicity 
of Botrytis allii upon onion bulbs. Many experiments have been per¬ 
formed by the writer in which the conidia or mycelium have been 
injected into wounds in the succulent scales. In general, when too 
rapid desiccation of the wounds was prevented and the bulbs were 
kept at any temperature between 5° and 20° C. positive infection 
resulted uniformly. The most satisfactory method of obtaining 
infection has been to inject conidia into needle wounds, placing bulbs 
in oiled paper bags and incubating them at 15° to 20°. Inrection of 
bulbs by spraying spores on the unwounded surfaces of dry or suc¬ 
culent bulb scales was found by Munn (20) to be difficult to attain. 
The writer has likewise failed to produce infection by this means. 
It is evident, however, that the fungus may penetrate the unbroken 
cuticle of succulent scales. This was demonstrated by carefully 
inoculating the outer succulent scale of a bulb in the usual manner. 
After the resulting lesion had advanced to a certain point the outer 
scale was removed, and invasion of the adjacent underlying scale 
was found to have occurred. This experiment was z^epeated several 
times with uiuform results. Prom this fact it is evident that when 
natural infection of a single scale takes place at the neck or through 
wounds at other points on the bulb the fungus is not necessarily con¬ 
fined to the scale originally infected. It is true that the fungus does 
spread more rapidly through the tissue of the first scale infected, but 
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advance into adjoining scales is not precluded. However, initial 
infection through the unwounded outer scales apparently does not 
occur, or in any case is exceptional. When inoculation is made in 
the succulent tissue, the fungus decays the bulbs of colored‘and white 
varieties equally well. The nature of resistance of colored bulbs is 
discussed later in this paper. 

When the onion plant is mature, infection may occur through the 
unwounded neck tissues, most of which by that time are dead or 
senescent. This has been shown by artificially inoculating bulbs 
with and without tops. For further discussion of these experiments 
the reader is referred to a subsequent section on ‘^Relation of stage of 
maturity of host to infection of bulbs.’' 

Munn {20) produced infection repeatedly by applying spores to 
the green leaves of plants in a humid atmosphere. Two experiments 
were performed by the writer in which spores were applied to leaves 
of vigorously growing plants which were then placed in a moist 
chamber at about 18^ C. for 48 hours. Fine droplets of water cov¬ 
ered the plants during this period, and conditions should have been 
ideal for infection. The plants were removed from the chamber to 
a greenhouse in which the temperature ranged from 15° to 20°. 
No infection became evident in either experiment. Several experi¬ 
ments were then performed in which the plants were left in the moist 
chamber for longer periods. After the fii'st week the infection of 
some of the leaves was evidenced by the softening of the affected 
tissue, and this softening was followed by the characteristic sporula- 
tion of the organism on the decayed areas. Under these conditions, 
results quite similar to those of Munn were obtained. It seems to be 
necessary, however, to keep the plants in a very humid environment 
for fairly long periods in order to produce infection. When affected 
plants were removed to ordinary greenhouse environment, the prog¬ 
ress of the fungus was almost, if not entirely, checked. The writer 
is inclined to consider the disease of the aerial parts other than the 
bulb caused by this fungus as a very mild type of parasitism, which 
takes place only under extreme and abnormal conditions. This 
evidence, together with field observations, would lead one to con¬ 
clude that Botrytis allii is of strictly limited importance as a parasite 
of the aerial portions of the plant. Under extremely humid condi¬ 
tions it might cause slight damage, but how much of the action was 
truly parasitic and how much was mere subsistence upon senescent 
or dead tissue would remain an open question. Its occurrence on 
senescent or dead tissues is no doubt common, and its development 
upon dead leaves and dead tips of leaves during the growing season 
of the host is undoubtedly an important part of the life cycle of the 
oragnism. That the occurrence of Botrytis apparently damaged 
onion leaves has been reported in a few instances (4, 5, If, f 7, 20). 

HOST RANGE 

By artificial inoculation, bulbs of white multiplier onion {Allium 
cepa var. IMellifera) and white shallot {A. ascalonicum) vrere found 
to be quite as susceptible to gray-mold neck rot as those of common 
onion. Garlic bulbs {A. sativum) were also readily infected, but the 
progress of the disease was much slower on these than on either of 
the hosts just mentioned. 
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MYCELIAL NECK ROT 

SYMPTOMS 

In the early stages of its development the mycelial neck rot is not 
readily distinguishable from the gray-mold neck rot. As in the 
latter, the usual avenue of infection is through the neck tissues, but 
occasionally cases are found where the invasion takes place by way of 
the stem plate or through wounds at other points upon the onion 
scales. The same water-soaked, sunken appearance typifies the 
newly infected tissue, and the advancing margins of the diseased area 
continue to show this symptom. The line of demarcation between 
healthy and diseased tissue is also usually well defined, and as in the 
case of Botrytis allii, the mycelial neck-rot organism initiates the 
breakdown of the host tissue somewhat in advance of the hyphae. 
In the older decayed parts the scales become shrunken, and grayish 
superfiicial mycelium develops in a manner not unlike that of B, allii. 
There is in the main, however, a greater quantity of superficial 
mycelium formed in the case of mycelial neck rot than would be the 
case with gray-mold neck rot under like environment. Recently 
inoculated bulbs of the two forms placed in moist chambers I'espond 
quite differently. In the case of gray-mold neck rot the organism 
sporulates promptly, with little additional superficial mycelium, while 
B. iyssoidea usually produces a profuse quantity of mycelium, white 
at first but later turning gray with age. The most striking point of 
difl:‘erence between the two forms is that the mycelial neck-rot organ¬ 
ism sporulates very sparsely in these early stages, and it is often 
difficult to bring about conidial production on newly decaying bulbs 
even when the latter are placed in the moist chamber. As the 
mycelial neck rot progresses sclerotia commonly develop in the older 
decayed tissue. They resemble very closely those of B, allii in all 
respects. Sporulation occurs to some degree under sufficiently moist 
conditions on the older decayed tissue. The sporulating mass is 
light-gray at first, gradually becoming darker with age, the darker 
shade being due in the main to the wall coloration in the older por¬ 
tions of the conidiophores. As a rule the sporulating mass is distin¬ 
guishable from that of B, allii because of the fact that the conidio¬ 
phores of the latter are usually somewhat shorter, less branched, and 
more prolific, giving the appearance of a low dense mass of conidia. 
In the case of B, hyssoidea, on the other hand, the conidiophores 
assume somewhat greater length, are more branched, and sporulate 
less profusely, giving in the end the appearance of a more fluffy 
development of aerial mycelium with a less dense conidial mass. 

It will be seen from this description that points of macroscopic 
difference between the symptoms of the two diseases are not suf¬ 
ficiently marked to afford even the trained casual observer a ready 
means of distinction. The outstanding macroscopic distinguishing 
characters which one may use with reasonable accuracy after some 
experience in observing the two diseases are (1) the comparative lack 
of sporulation in mycelial neck rot and the abundance of sporulation 
in gray-mold neck rot, and (2) the fact that when sporulation does 
occur in mycelial neck rot, the ranker growth of conidiophores is 
usually noticeably different from the low dense growth of the sporu¬ 
lating hyphae of the gray-mold neck rot. Distinction is made the 
more difficult by the fact that at times the two forms may be found 
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together upon the same bulb. Very often one who is wmrkng con¬ 
stantly with the two diseases finds it necessary to resort to artificial 
culturing of the organisms to make diagnosis certain. Growing the 
organisms upon potato-dextrose agar is a ready means of distinguish¬ 
ing between them. (See fig. 5.) Botrytis allii will invariably sporu- 
late abundantly with a few days, while the mycelial neck-rot organism 
produces rank-growing, fluffy, white aerial mycelium, with seldom, if 
ever, any evidence of sporulation. Certain aspects of the disease are 
shown in Figures 2 and 3. 

THE CAUSAL ORGANISM (BOTRYTIS BYSSOIDEA) 

The mycelium of Botrytis hyssoidea has no characters by which it 
may be readily distinguished from B, allii. The appressoria or hold¬ 
fasts are also very similar in the two species. Sclerotia are formed in 
the same manner and are much alike as to size, shape, and color. 

The conidiophores of Botrytis hyssoidea, like those of B. allii, 
originate either from the free mycelium or from the sclerotia, and 
their development and the method of spore production in the two 
forms is of the same general type. A few points of difference in 
detail are to be noted. Conidiophores are produced much less 
commonly on the decayed host tissue in B. hyssoidea, and they are 
seldom found on artificial media. When produced upon decaying 
onion scales they^ are noticeably more scattered than the conidio¬ 
phores of B. allii; permanent branches are formed a little more 
commonly; and the production of spores is not so profuse. The 
conidiophores are hyaline at the growing tip, and the walls turn 
brown promptly as they grow older. To the naked eye the fungus 
as it fruits upon onion tissue presents a less crowded, more cottony, 
and somewhat more elevated appearance than the low dense gray- 
mold development of B. allii. The fertile tips of the conidiophores 
branch and produce spores in the same manner as described in 
connection with B. allii. (Fig. 6, M.) The sporiferous side branches 
usually degenerate as far back as the septum, which is laid down 
close to the main trunk of the conidiophore (fig. 6, N); occasionally 
one persists and continues to grow out as a permanent fertile branch. 
In this form, as in B. allii, the branches, whether permanent or not, 
show a marked constriction at the point of juncture with the main 
trunk when they have reached their maximum diameter, and in 
the case of the permanent branch this constriction remains. As in 
the other forms, it is common for the conidia to adhere to the sides 
of the main trunk of the conidiophore until they are removed by 
water or air currents. The scars left by the degenerated fertile 
branches are quite similar to those of B. allii. 

The conidia of Botrytis hyssoidea are veiy similar to those of B. allii 
in shape, color, and mode of germination. (Fig. 6, 0.) They are 
occasionally a little longer in relation to their width and thus have 
a more oblong appearance. They vary considerably in size (8 to 20 
by 5 to 11 jLt), but, as is shown in Table 1 the majority fall within the 
limits of 10 to 16 by 6 to 8 ju. They therefore will constantly average 
somewhat larger than those of B. allii, both upon onion tissue and 
when they are occasionally produced upon potato agar. Micro- 
conidia, globose and about 3 yia diameter, are occasionally formed. 
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Fig. 2 .—Comparison of gray-mold and mycelial neck rots. Healthy White 
Portugal onion sets inoculated after harvest by the injection of spores or 
mycelium through neck wounds, placed in standard storage crates, and left 
in an onion-set warehouse at Morton Grove, Ill., for eight weeks. Those in 
the upper row were inoculated with Boirytis allii. Note the characteristic gray 
mold on the decayed tissue. The lower five bulbs were inoculated with 
jB, byssoidea. Note the absence of conidia and the development of aerial 
mycelium and of sclerotia on the decayed tissue 
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Fig. 3.— Mycelial neck rot Botrytis byssoidea on White Globe (A to D) and White 
Portugal (E, F) onions. Note the formation of sclerotia on the older decayed tissue 
(A, B). Basal infection commonly occurs (B). The first evidence of infection of 
the tissue is a water-soaked appearance; the decayed tissue becomes permeated 
with mycelium and gradually shrivels (C). An abundance of superficial m ycelium 
is common (D). An early stage of infection at the neck is shown in F. Occasionally 
rapid desiccation of newly infected scales checks the further progress of the fungus(F) 
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PATHOGENICITY 

The mycelial neck-rot disease has been produced repeatedly by 
inoculating onion bulbs through needle wounds with Tnycolium from 
pure culture and with conidia and conidiophores which developed 
upon naturally infected or upon artificially inoculated })ulbs. As in 
the case of Botrytis allii, the most uniform results were obtained when 
too-rapid desiccation of the wound tissue was prevented. The most 
satisfactory results were obtained by placing the inoculated bulbs in 
oiled paper bags and incubating them at 15° to 20° C. Under these 
conditions the characteristic bulb rot occurred, and the progress of 
the decay was approximately equal to that of gray-niold neck rot. 
Under humid conditions and favorable temperature, invasion of the 
unwounded outer succulent scales has been noted, and the spread 
from scale to scale through the unbroken cuticle has been demon¬ 
strated. Initial infection through the dry outer scales or through the 
unbroken outer succulent scale does not commonly occur in nature, 
however, and there is little evidence of natural invasion except by 
way of wounds or the dying tissues at the neck of the bulbs. 

With respect to leaf infection, what has already been said of a gray- 
mold neck rot may well apply to mycelial neck rot. No evidence has 
been found in nature that this organism causes a serious blight of 
onion tops. It is commonly found fruiting upon dead or senescent 
leaf tissue during humid weather, but is to be regarded as little more 
than a saprophyte. Vigorously growing onion plants inoculated with 
a spore suspension of the organism and kept in a moist chamber at 
about 18° C. for 48 hours and removed to a greenhouse at 15° to 20° 
did not yield evidence of infection. As in the case of Botrytis alUi, 
plants inoculated in such a manner and kept under very humid 
conditions at 15° to 20° for one to two weeks eventually showed 
evidence of leaf infection. It is questionable, however, if this 
situation commonly exists naturally in onion-growing regions in the 
United States. B, hyssoidea was found in one instance causing 
secondary infection of seed stems of Egyptian onion that has been 
infected with rust {Puccinia asparagi) {30). In the original report 
this was not considered to be a neck-rot form, since first inoculations 
of the bulbs gave negative results. When the propel’ conditions for 
infection were later determined, positive infection of bulbs with this 
strain was obtained, 

HOST RANGE 

Bulbs of white multiplier onion and of white shallot when inoculated 
with Botrytis hyssoidea decayed quite as rapidly as did those of 
common onion. Bulbs of garlic were also successfully inoculated, 
but, as in the case of B. allii, the progress of the disease was distinctly 
slower than upon the other hosts. 

SMALL SCLEROTIAL NECK ROT 

SYMPTOMS 

The small sclerotial neck rot has so far, with one exception, been 
found only upon white varieties of onion. In one instance it was found 
^ a very slightly pigmented bulbs which appeared in a lot of Yellow 
Globe variety and were probably the result of previous crossing 
with a white variety. As will be pointed out later, colored bulbs are 
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readily infected when inoculated through wounds in the succulent 
scales. The fungus most commonly appears first near the neck of 
the bulb and, as a rule, not until some weeks after the crop has been 
harvested and stored. It is often confined to the two or three dry 
outer scales. At times it is found upon the succulent scales, com¬ 
monly in association with the mycelial neck rot. 

Usually the first evidence of the disease is the appearance of very 
thin, scalelike sclerotia which adhere very closely to the dry scales. 
The sclerotia are at first light colored, but most of them turn com¬ 
pletely black with age. In many instances their development is 
arrested prematurely, and bodies which are light gray in the center 
and black only at the margin result. The sclerotia are usually roughly 
circular and measure from ^ to 13^ mm. in diameter. They vary 
from this form, however, being sometimes larger and more irregular 
in shape. The mycelium of the fungus is scanty and not often dis¬ 
tinguishable microscopically upon the affected dry outer scales. 
When it does appear it is scattered and has a dark-green cast. Sporu- 
lation occurs on conidiophores, arising most commonly from the 
sclerotia and more rarely from the scattered mycelium. At room 
temperature very little sporulation can be induced even when affected 
scales are placed in a moist chamber, but under moist conditions in 
the ice box or at temperatures between and 18^^ C. sporulation 
upon the sclerotia is common. 

The decay of the succulent scales is distinctly slower than that 
caused by either Botrytis allii or B. lyssoidea. The cytolytic action 
in advance of the hyphae, characteristic of the other two forms, 
prevails in this case as well. The newly rotted area is water-soaked 
in appearance, and there is a quite definite margin between diseased 
and healthy tissue. In the older decayed portions grayish super¬ 
ficial mycelium is formed, though usually rather scantily, while 
sclerotia are also commonly embedded in the rotted tissue. The 
decayed portions of the bulb often become distinctly brownish in 
color, and in this respect the disease is distinct from the gray-mold 
and the mycelial neck rots. Certain aspects of the disease are 
illustrated in Figure 4. 

THE CAUSAL ORGANISM (BOTRYTIS SQUAMOSA) 

The mycelium of the small sclerotial form is not sufficiently differ¬ 
ent from that of the other two onion Botrytis forms to be of diag¬ 
nostic value. Appressoria are commonly produced. The sclerotia 
are quite characteristic. They vary in size from to 
more, and often converge into large, irregular scalelike crusts. On 
the host they are almost always very thin and flat and seldom 
acquire the thickness of 3^ mm. They are usually roughly circular, 
but occasionally they are quite irregular in form. They appear 
first as dense, thin mycelial mats of a dirty-white color. They become 
darker with age and gradually become black, the color appearing first 
at the outer margins and progressing inwardly until the whole 
sclerotium is deep black. Occasionally the development of color 
is arrested prematurely, with the result that the sclerotia have 
light grayish centers and black margins. 

22580—2C-2 
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sciential nock rot Boirytis squamom on White Globe onions. Thin, 
nat, mack sclerotia develop commonly on the dry outer scales. Invasion of the 
succulent scales sonietim^ occurs (D, E). In F, Botrytis byasoidea is alsopresent 
m the succulent scales. The larger, more rounded sclerotia near the neck of the 
bulb are those of the latter fungus 
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The conidiophores arise occasionally directly from free mycelium, 
but in the main are produced upon the sclerotia. They are hyaline 
at the growing tip, but the walls turn dark promptly as they become 
a little older. They are septate, and occasionally branched, the 
branches being constricted at the point of juncture with the main 
stalk. Previous to sporulation the growing tip gives rise to a num¬ 
ber of branches which rebranch and at their rounded tips send out 
sterigmata upon which the conidia are borne in the same manner as 
described for B. allii and B. hyssoidea. (Fig. 6, J.) The sporulating 
branches are, as a rule, shorter and plumper than those described for 
the other two forms. As the spores mature, the branches, having 
been cut off close to the main stalk by septa, rapidly degenerate. As 
they do so the walls of these branches contract in a unique manner 
and give the appearance of closing together in folds suggestive of 
the contracting bellows of a camera. (Fig. 6, K.) The spores, if 
not removed by air current or by water, adhere in a group to the 
sides of the main stem of the conidiophore which now proliferates 
by growing upward, again branching and sporulating. Scars or 
knobs not unlike those previously described for the other two species 
mark the points at which degenerating sporiferous branches are 
attached. Occasionally one of the branches becomes permanent. 

The conidia are hyaline, ovoid, and continuous, and germinate 
within 24 hours under favorable conditions by each sending out usually 
one hyaline germ tube. (Fig. 6, L.) Septation of the spores upon 
germination is not common. They vary in size from 13 to 24 m by 
9 to 18 ju, but the majority of them fall within the limits of 15 to 22 
by 11 to 15 jjL. (See Table 1.) Microconidia, globose and about 
3 M in diameter, are occasionally formed. 

PATHOGENICITY 

Inoculation of healthy onion bulbs was brought about by injecting 
mycelium or sclerotia from pure cultures of Botrytis squamosa into 
needle wounds made near the necks. The bulbs were placed in 
oiled paper bags and incubated at various temperatures. The most 
rapid decay occurred at about 16° C., although infection did occur 
over a range of 4° to 22°. Even at the optimum the decay progressed 
much more slowly than in the case of B. allii or B, hyssoidea. Re¬ 
sults were obtained, however, which left no doubt that the organism 
is pathogenic upon the succulent scales and that under these condi¬ 
tions colored bulbs decayed quite as readily as white bulbs. Direct 
infection through the unwounded surface of the succulent scale oc¬ 
curs under proper conditions of humidity and temperature, although 
this does not appear to be the usual method of initial infection. 

Vigorously growing onion plants were inoculated with a spore sus¬ 
pension of the organism and transferred at once to a saturated at¬ 
mosphere held at about 18° C. After.48 hours the plants were trans¬ 
ferred to a greenhouse kept at 15° to 20°. No evidence of infection 
developed. When plants were left in the moist chamber for a week 
or more, leaves were attacked in the manner already described in 
connection with Botrytis allii and B. hyssoidea. B. squamosa was 
somewhat more aggressive under these conditions than were the 
other two species. Severely infected plants, when removed to 
ordinary greenhouse conditions, rapidly outgrew the disease. It 
appears, therefore, that in an extremely humid environment having 
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a favorable iemperatiuv, infection of the aerial parts by B, squamosa 
may occur. But, a,.s in the case of the othci* two neck-rot organisms, 
there is little evidence that tliis form causes a destructive leaf blight, 
and its relation to the host during the growing season is pilmarily 
one of subsistence on dead oj* senescent tissue. 

Infection of bulbs through the unwonnded neck has not been pro¬ 
duced by artificial inoculation, but the common observation of the 
disease upon bulbs regardless of whether the tops were clipped at 
harvest shows that the organism penetrates the sc^aies l)y way of the 
senescent leaf tissue without the aid of artificial wounds. 

COMPARATIVE STUDIES OF THE THREE NECK-ROT ORGANISMS 

CULTURAL CHARACTERS 

All three species of Bo.trytis associated with onion neck rot grow 
readily upon onion and potato-dextrose agar. On either of these 
media the growth characters of each species are quite distinctive, 
and they afford a convenient means of ditferontiation. It has not 
been found necessary to study the development of these fungi on 
a wide range of artificial media. Potato agar (‘ontaining 2 per cent 
dextrose has been used as stock medium, and the salient characters 
of growth on this agar will be given. 

Botrytis allii (fig. 5, A) 

On potato-agar plates a rapidly growing colony was produced, 
which attained a diameter of about 50 cm. in 4 days at 20*^ to 22*^ C. 
In the beginning the center of the colony consisted of dense whitish 
aerial mycelium, while the outer zone, about 6 mm. in width, consisted 
of scanty, creeping, extending mycelial threads. Conidiophores 
and conidia appeared on about the third day, nearly white at first, 
turning smoky gray with age. Eventually the entire plate became 
covered with a dense uniform layer of conidiophores. Sclenotia 
were not usually produced but occasionally developed in test-tube 
cultures with this medium. Dark-colored appressoria were some¬ 
times formed when the mycelium penetrated the agar layer and 
came in contact with the glass plate, but here again the development 
was more pronounced in test-tube cultures at the edge of the slant. 
There was little difference in growth to be poted when maltose, lactose, 
or galactose was substituted for dextrose in the medium. Onion- 
scale agar and potato agar made without the addition of sugar 
produced growth quite similar to that on potato-dextrose agar, the 
chief point of difference being the smaller amount of appressorial 
development. The organism was carried for seven years on potato- 
dextrose agar without any noticeable change in growth characters, 
and this period^ of artificial culturing did not change the patho¬ 
genicity of the fungus. 

Botrytis byssoidea (fig. 5, B) 

On potato-dextrose agar plates the Botrytis hyssoidea colony grew 
somewhat faster at 20® to 22® C. than did B, allii. Abundant white, 
fluffy, aerial mycelium was formed, which was more raised and 
cottony than that of either B. allii or B, squamosa. It was fairly 
uniform in density except at the narrow outer zone of extending 
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Fig. 5 .—The three onion neck-rot organisms on potato-dextrose agar. A, Botrytis 
allii. Profuse production of conidia. B, Botrytis hyssoidea. Profuse mycelial 
development but no conidia, C, Botrytis squamosa. Mycelial development fol¬ 
lowed by production of sclerotia. No sporulation occurred at room temperature, 
20® to 22® C. After two months the culture was removed to the ice box, where 
profuse sporulation took place. Note the conidiophores arising from the sclerotia 
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FIG. 6 .—Gonidial production. A to I, Sotrytis alKi; J to L, B. ayuartma: M to 0, J5. hyssoidm. 
C onidiophores arise from mycelium (A) and branch previous to sporalation (B). The sporiferou.s 
tips become rounded and send out numerous sterigmala (D) from which growth continues (C) 
to produce eonidia (E). W hen the spores are mature the branches degenerate (P) and the main 
stalk proliferates (G). Groups of sporiferous branches are thus formed several times leaving 
scars on the main branch (G) in each case. Sometimes the branches become permanent (H). 
The process is similar in each species (J, K, and M, N). Note characteristic accordibnllke folds 
in degenerating sporiferous branches of B. squamosa (K). See further explanation in text 
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hyphao. Conidia were seldom produced. Appressorial develop¬ 
ment was proiioimced at the edge of test-tube slant cultures. 
Sclerotia were usually absent in both plate and tube cultures grown 
at room temperatures. In young tube cultures placed out of doors 
on Januaiy 25, 1926, at Madison, Wis., numerous characteristic 
sclerotia had formed when they were brought in on March 19. In 
another culture, about a month old when placed out of doors on 
December 5, 1925, and brought in on March 19, 1926, sclerotial 
formation did not take place but conidial production was qxiite 
pronounced. When maltose, lactose, or galactose was substituted 
for dextrose no conspicuous change in growth characters resulted. 
On onion agar and potato agar wuthout dextrose the mycelial produc¬ 
tion was somewhat less profuse. Whereas B, allii was carried on 
potato-dextrose agar indefinitely without loss of pathogenicity, 
B. hyssoidea usually lost entirely its pathogenicity within a few 
months under such treatment, especially when kept at room temper¬ 
atures (20^^ to 22°). This change was accompanied b}’' a reduction 
in the vigor of the culture as exhibited by less profuse aerial mycelium 
and less appressorial development. 

Botrytis squamosa (fig. 5, C) 

On potato-agar plates the Botrytis squamosa colony enlarged 
more slowly than either B, allii or B. hyssoidea. It consisted of 
white, fluffy, aerial mycelium, except for the outer advancing zone, 
but was less raised and flufly than B. hyssoidea. Numerous 
sclerotia appeared over the entire plate after two to three weeks, 
first as dense whitish mycelial masses which became hard and black 
with age. They were mostly 1 to 2 mm. in width and thicker and 
more rounded on the upper surface than those which developed upon 
the host. There was veiy little sporulation at room temperature 
(20° to 22° C.), but profuse production of conidiophores arising 
directly from the sclerotia occurred at 12° to 16°. Substituting 
maltose and lactose for dextrose made little difference in the growth 
produced. When galactose was used, however, the sclerotia assumed 
a distinctly different form. They were a little larger, more irregular 
in shape, very thin and flat, and embedded just at or slightly below 
the surface of the substrate. On onion agar and potato agar made 
up without the addition of sugar fewer sclerotia wei’e produced. 

OVERWINTERING AND SEASONAL CYCLES 

Experiments were undertaken to determine by what means the 
three neck-rot organisms might live through the winter at Madison, 
Wis. Sclerotia and spores on bulbs affected by mycelial and gray- 
mold neck rot were exposed to prevailing 'weather from December to 
March in the winter of 1925-26 by placing them in wire baskets on 
an outer window sill. Both sclerotia and spores of each organism 
were viable at the end of this period. Pure cultures were exposed 
over the same period, and they also remained viable. A culture 
of the small sclerotial neck-rot organism containing sclerotia and 
conidia was also exposed. Transfers from sclerotia as well as from 
the conidia and conidiophores were made at the end of the period 
with positive results in each case. It is thus apparent that the 
sclerotia will 'withstand winter weather, while it is not improbable 
that the mycelium and spores under certain conditions may also 
live through the extremely cold portion of the year. 
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From general field observations it is quite evident tliat each of the 
organisms persists from year to year in the soil or on refuse. The 
organisms from such materials are undoubtedly the beginning of 
saprogenic developjiieut the following season, when they live as 
saprophytes upon dying onion leaves and other organic matter during 
the grovving season of the host. Spores from this saprogenic pliase 
of the organisms are the source of inocula for bulb infection at and 
after the end of the growing season. 

TEMPEKATURE RELATIONS 
Growth on Media 

The relation of temperature to the j*ange and rate of growth of 
the three organisms was studied upon potato-dextrose agar. Sepa¬ 
rate slants were inoculated each with one of the three ojganisms and 
placed in constant-temperature incubators the temperature of which 
ranged from 3° to 33° C. The three organisms responded quite 
similarly to the various temperatures. Growth ensued very slowly 
at 3° to 4°. There was a gradual increase in the rate of growth with 
increase in temperature up to about 20° while the rate was about 
the same betw^een 20° and 25°. At 28° there was decidedly less 
growdh than at the optimum, and at 30° there was still greater 
retardation. At 33° there was some growth of each organism, but 
it was very meager in all cases. Thus all three forms grew upon 
potato-dextrose agar within the range of 3° to 33°, the growth being 
very slow at either end of the range and most rapid at about 2u° 
to 25 °. 

Spore Germination 

Germination tests were conducted at various temperatures with 
the conidia of each of the three species. Spore suspensions were 
made in tap vrater and drops transferred to clean glass slides, which 
vrere placed in moist chambers in the incubators. In Table 2 the 
rate of germination in each incubator is given. Spores of Botrytis 
sgmmosa germinated more promptly than those of the other Wo 
species. It is to be seen that germination occurred more promptly at 
temperatures between 19° and 27° C. than at temperatures below 
19°, but, on the other hand, it took place over the entire range of 
temperature wdth each species after a period of 24 hours. 

Table 2. —Relation of temperature to spore gerndnatlon " of Botrytis allii^ B. 
bijssoidea, anil B. squamosa 

' - - I - - ~ . - - 

; Species un<l interval 


Temperature 

®C\ 


Botrytis allii 


Botrytis byssoidea, 

4 

ars 

.Boti-ytis stpianiosa 

4 

hours 

$ 

hours 

12 

hours 

24 

hours 

4 

hours 

8 

houi^ 

12 

hours 

2 

ho 

4 

hours 

8 

hours 

12 

hours 

24 

hours 

3.5-4. 

i • 0 

0 

0 

4-' 

0 

0 

0 



0 

0 

0 


6.5-7. 

,( 0 i 

0 

0 

+ 

0 

0 

0 

- 

- 

0 

0 

0 

4- 

S.5-10. 

0 : 

0 

0 

+ 

0 

0 

0 

- 

- 

0 

0 

0 

+ 

13.5-15. 

0 

0 

4- 

+ 

0 

0 

4- 

- 

- 

4 

4 

4- 

4- 

16.5-18. 

! 0 

0 

4- 

4- 

0 

0 

4' 

- 

- 

4 

4 

+ 

4- 

19.5-20. 

1 0 

4- 

4- 

4- 

0 

4- : 

+ 

- 

- 

4 j 

4 

4- 

4- 

22.5-23. 


4- 

4- 

+ 

0 

4- 

4 1 

- 

- 

4' ! 

•+■ 

4- 

"h 

24.5-25.6 .. 

,1 0 

4- 

+ 

4* 

0 

+ 

H- 

- 

- 

+ 

4 

+ 

4- 

26.5-27.- . 

.1 0 

! . 

4- 



0 

1 


4- 

_ 

•* 

0 

+ 

+ 

-t- 


« + indicates germination; 0 indicates no germination. 
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SpORULA'IIQ N 

It is of course important to know the b fearing of temperature upon 
the production of spores of the fungi when exposed to properly 
humid conditions. Botrytis allii appeairs to sporulate readily at 
comparatively low relative humidity, batt that the other two forms 
do is not so evident. B, allii sporulates readily in culture or upon 
rotted onion tissue over a range of 4° to 25° C. B, lyssoidea, although 
it does not sporulate readily in culture;, will do so when old decayed 
onion tissue is placed in a moist chamber. Under these conditions 
B. byssoidea produces conidia most quickly at about 23° but quite 
promptly within a range of 13° to 2T°. At temperatures between 
3° and 13° it sporulates more slowly. J5. squamosa has a more 
limited range of sporulation. No conidia have been found at 22° 
either in pure cultures or on decayed tissue kept in a moist chamber. 
The range at which sporulation ordinariDy occurs under these con¬ 
ditions is about 18° to 3°. The optimum is about 16°. 

Infection and Progress »of Decay 

A number of experiments were made to determine the relation of 
temperature to infection and the rate oi progress of decay. The 
bulbs were all inoculated by injecting mycfelium or spores into needle 
wounds near the neck. They were then placed either in oiled paper 
bags or in uncovered paper boxes and iuciibated at different tem¬ 
peratures. The first two experiments aree concerned with Boti^ytis 
allii and B. byssoidea. In the first expierhnent, the results of -which 
are given in Table 3, the bulbs were all placed in oiled paper bags. 

Table 3. —The relation of temperature to infeciiioH and progress of decay of onion 
hulhs inoculated with Botrytis allii and B. byssoiiclea; five bulbs in each lot; Red 
Wethersfield variety 


i 

Temperature °C. 

Botts'tte allii 

Botrytis byssoidea 

Control 

Per ceat 
infeeted 

Rate of 
progress® 

Per cent 
infected 

Rate of 
progress® 

Per cent 
infected 

2-4.... 

m 

1 

100 

1 

0 

5-8.....-.- 

m 

2 

100 

2 

0 

10-11 ........ 


3 

100 

3 

0 

15.5-16.5.-.-. 

1 C«0 

4 

100 

4 

0 

18.5-19.5.....—. 

m 

4 

100 

4 

0 

23-23.5.....-. 

100 

3 

100 

3 

0 

26.5-27.5... 

Q 


20 

1 

0 

28.5-29.5...... 

20 

1 

20 

1 

0 

32-34. . ____ 

Q 


0 


0 





i 



“ 1 indicates the least rapid and 4 the most rapid decay. 


The temperatures below 20° C. were maintained in an incubator 
where the humidity was quite high; but in the incubators at higher 
temperatures the humidity was correspondingly lower, and the oiled 
paper bags did not entirely prevent the desiccation of the decaying 
bulbs. Thus the possible influence of humidity as a limiting factor 
must be considered. It is to be seen thst in this experiment the 
most rapid decay occurred at 15° to 20°, while above 26° the amount 
of infection and the rate of decay were decidedly limited. 
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Another ricn-ics of cxporiuioDts was imiii to (io(<>rmiii(' wliotlK'i' 
infection would be accelerated at the higher tomixnaitures if a high 
relative humidity prevailed. Two ehambers in wliieh the tciii- 
perature was 25° to 27° and 28° to 30°, respecti\ (vly, w(M'e kejjt at 
saturation. Inoculated bullw were placed in open bo.xj's in each. 
At the same time boxes of inoculated bulbs were idaeed in of,her 
chambei-s having different temperatures jind difbu-ent ladative 
humidities. In the latter scries the environment wjis not controlled 
as accurately as was desired, but the average temi)eratures and 
relative humidities as recorded on therinogi'aphs and hygrogriijrhs 
are given, and the results arc included for TOeir comparative vaiMC. 
(Table 4). 

Table 4. —The relation of temperafure and humidity to decay of onion bulbn by 
Botrytia allii and B, hyssoidea; 10 bidlm in each, lot; Red Wethersfield carieiy 


Temperature °C. 


15®sfc-.- 

15®-20°. 

22 '’- 25 ®. 

220 - 27 °. 

25°-30°. 

250 - 27 °. 

28°-30°. 


Holulivo 

liotrytis 
allii. 
jua- font, 
iiif(‘(‘t(.Ml 

Hotrytis 

i)ysso> 

Control, 

humidity 

idi'ii, 

fior cemt 

IH'r (Tilt 

l)i»r (Ttit 
inf(H*le<i 

infoctod 

{)0d= 

100 

100 

« 10 

r>o-7r) 

100 

100 

0 

75-85 

100 

100 

0 

lU)-8() 

100 

100 

0 

(50-75 

70 

80 

0 

75-85 

70 

20 

0 

100 

100 

100 

0 

100 

_1 

0 

0 


« One of 10 bulbs became inft^cted by BotrytiH allii during the cxporiinont. 


At temperatures below 20° C. the results were siniilar to those in 
the previous experiment. At temperatures above 20° the relative 
humidity was higher than in the previous experiment. Hei‘e it is 
evident that the higher humidity accelerated infection, although as 
was noted before, the progress of decay was distinctly retarded as the 
temperature rose above 22°. A comparison of the lots hold at 1.00 per 
cent relative humidity at 25° to 27° and 28° to 80° shows that the 
maximum temperature for infection is somewhere between 27° and 
30°. It is also significant that througliout these experiments Botrytia 
allii and B, byssoidea reacted very similarly to temperature. In 
Figure 1 are showm the relative amounts of decay in bulbs inoculated 
with B. aim and £. byssoidea, respectively, and hold in moist chambers 
at 18°, 23°, and 26°. 

Two experiments of a similar nature were run with Botryiis squa¬ 
mosa. The bulbs were placed in oiled paper bags in an incubator at 
temperatures ranging from 23° to 4° C. Infection occurred over the 
entii'e range. The most rapid decay took place at about 15°. At 
18° it was nearly as rapid as at 15°. At 23° it was distinctly retarded, 
but desiccation was somewhat greater than at the lower temperatures. 
Below 15° there was a gradual slowing up of activity roughly pro¬ 
portionate to the reduction in temperature. 

Recapitulation 

The data which have just been noted point to the conclusion that 
all three fungi are favored by temperatures between 15° and 20° C, 
It is true that mycelial development is somewhat more rapid and 
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conidial germination a little prompter between 20^ and 25°, but on 
the other hand the infection studies show quite clearly that the 
diseases progress less rapidly above 20° than between 15° and 20°. 
Sporulation in Botrytis allii and B. hyssoidea occurs over a wide 
range if the atmosphere is humid, and this holds true even in the 
saprophytic stage of the fungi during the growing season of the host. 
B. squamosa is more limited in this respect, inasmuch as there appears 
to be little or no sporulation above 20°. 

It may thus be assumed that humid cool weather during the 
growing season of the onion plant is most favorable to the develop¬ 
ment and spread of the neck-rot fungi, while hot dry weather is 
correspondingly less favorable. The small sclerotial neck-rot organ¬ 
ism is probably the one most retarded by higher temperatures, and 
this belief is supported by the fact that it is usually not found in 
midwestern districts until some weeks after the appearance of myce¬ 
lial neck rot. At harvest time, when infection of the bulbs commonly 
occurs, warm dry weather is least favorable to infection, and in fact 
incipient infection of mycelial neck rot has often been found to be 
completely checked by such an environment. 

As substantiating these view's some evidence from field observa¬ 
tions on the occurrence of mycelial neck rot over a period of years 
in southeastern Wisconsin may be cited. In this district two severe 
epiphytotics have occurred in the decade from 1915 to 1924. In 
1915 the disease was very severe even in the resistant Red Globe 
variety, w^hile in 1924 the damage to this variety Avas nearly as 
great, and with the white varieties it approached a complete loss. 
In contrast with these tW'O years, the season of 1919 w^as one of 
great scarcity of neck rot. Climatically, 1915 and 1924 represent 
one extreme and 1919 the other. An examination of the w^eather 
records taken by the United States Weather Bureau at Racine, 
Wis., give some tangible details. The season of 1915 was one of 
abundant rainfall, the total precipitation from June 1 to September 
30, inclusive, being 15.76 inches, w-hich 'was 2.92 inches above normal. 
The mean temperatures for Jime, July, and August were, respec¬ 
tively, 3.8°, 4.3°, and 4.4° F. below normal, while that for September 
was 1.4° above normal. In the season of 1924 the precipitation was 
6.76 inches above normal, while the mean temperatui*es of the four 
months were, respectively, 2,2°, 0.7°, 1.3°, and 4.3° below normal. 
In 1919 the precipitation for the four-month period was only 0.17 
inch above normal, while the mean temperatures were 5.9°, 4.9°, 
1.4°, and 3.2° above normal. During the 1915 and 1924 periods 
there were, respectively, 77 and 49 days of cloudy or partly cloudy 
weather, while in 1919 there were only 37 such days. Thus the 
two epiphytotic years w^ere unusually moist, cool, and cloudy during 
the major portion of the onion-growing season; while the year of 
least disease of the decade was unusually dry, -warm, and clear 
during the corresponding period. 

It is to be expected, from what we know of the life history of the 
Botrytis forms, that moist, cool, cloudy weather is most favorable 
to the saprophytic development of the organism during the growing 
season of the onion. The same conditions are noticeably effective 
in delaying the maturity of the crop and tend to develop plants 
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which are more siic<*ulont at the neck and thus slower to desiccate 
at the point where Botrytis infection occurs. Furtliorinore, such 
weather is most conducive to infection at tlie critical time. This 
fact was most noticeable in 1915 when niaturity was delayed some 
three weeks, and the frequent rains during the harvc^st pcj-iod made 
proper curing almost impossible. In 1924 tlu* delay of harvest 
was not so great, but careful examination showed the organism to 
be widespread and fruiting abundantly on old leaves and the dying 
tips of the leaves just previous to pulling of the (‘rop. The clear, 
hot, drying weather of 1919, on the other hand, was unfavorable to 
the nniltiidication and spread of Botrytis during the season, a fact 
which tended to reduce the amount of natural inoculiun at harvest 
time. Moreover, the maturity of the host plant wurs hastened 
under such conditions, and the top growth was so reduced as to 
facilitate rapid and thorough desiccation of the neck. It seems quite 
likely that the influence of climatic conditions is exerted in three 
important directions: First, they create conditions favorable or 
unfavorable to the multiplication of the pai*asite; second, they 
prolong or shorten the period of growth of the host and iriHuence the 
degree of succulency of the neck at harvest time; third, they influ¬ 
ence infection at the critical time by either favoring or retarding the 
germination and growth of the causal organism. 

RELATION OF STAGE OF MATURITY OF HOST TO INFECTION 

OF BULBS 

It has already been intimated that the condition of the host tissues 
at the time of exposure to the parasites is important in determining 
infection. Some laboratory experiments will be reported which 
were designed to study this point. 

LABORATORY EXPERIMENTS WITH BOTRYTIS ALLII 
Experiment 1 

Three varieties of onion, White Portugal, Yellow Globe, and Red 
Globe, were grown on soil which had not produced this crop for at 
least five years. When the tops of the plants had fully matured the 
bulbs w^ere pulled. Two groups from this lot of l)ulbs were prepared. 
In one group tops were left intact; in the other they wore clipped 
sufficiently near the bulb to expose the succulent tissues of the scales. 
The two groups were again divided into equal parts, one part in each 
case being used as a control, the other for inoculation. The controls 
were sprayed with sterile water, while the remaining bulbs were 
sprayed with a conidial suspension of Botrytis allii. The controls 
and the inoculated bulbs were then placed in separate wire baskets 
and kept in' a room having a fairly constant temperature of about 
C., where they were suspended in a partially closed chamber 
over moistened sphagnum moss. The inoculations were made on 
September 3, and the bulbs were examined on September 22. The 
final data are noted in Table 5. 
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Table 5. —Development of Botrytis allii in topped and untopped bidbs of three 
varieties of onion; experiment 1 


Variety 

Method of handling tops 

Inoculated 

Control 

Total 
number 
of bulbs 

Number 
with 
neck rot 

Total 
number 
of bulbs 

Number 
with 
neck rot 

White Portugal. 

1 

t Topped_ _ _ 

20 

17 

20 

0 

Do...-. 

! Untopped .. _ i 

20 

0 

20 

0 

Yellow Globe__ 

Topped__-. 

10 

8 

10 

0 

Do.-.. 

Untopped__ 

10 

1 

10 

0 

Red Globe.... 

Topped--... 

10 

.5 

10 

0 

Do.-. 

Untnpped _ 

10 

0 

10 

0 


1 




The outstanding result is that whereas infection took place quite 
readily when the succulent tissue was exposed, only 1 bulb out of 
the 40 which were exposed to the inoculum wdth the tops intact 
became diseased. 

Experiment 2 

The experiment reported above was repeated with some modifica¬ 
tions. Red, Yellow, and White Globe plants were pulled, and the 
tops were allowed to cure out thoroughly. They were then divided 
into four groups and prepared for inoculation in the following ways: 
(1) The tops were cured down but not removed; (2) 1 to 2 inches of 
thoroughly cured neck were left intact; (3) no neck tissue was left, 
but since the tops were thoroughly cured down to the bulb proper 
no succulent tissue w’as exposed; (4) the necks were so removed as 
to expose wounded, succulent tissue. A portion of each lot was 
then sprayed with a conidial suspension of Botrytis allii; a second 
portion was sprayed with conidial suspension and covered with 
moistened filter paper; a third portion was sprayed with sterile water 
and covered with moistened filter paper to serve as a control. All 
three lots were stored in shallow trays at about 18° C. The inocula¬ 
tions were made on September 23. The final observations, made on 
November 27, are recorded in Table 6. 


Table 6. —Relation of neck tissue to infection of Botrytis allii in bulbs of White, 
Yellow, and Red Globe varieties; experiment 2 






Inoculated and 

Sprayed with ster- 



Inoculated and 

covered with 

ile water and eov- 



not covered 

moistened filter 

ered with moist- 





paper 


ened filter paper 

Condition of neck tissue 

Variety 








Number 
of bulbs 

Number 
with 
neck rot 

Number 
of bulbs 

Number 
with 
neck rot 

Number 
of bulbs 

Numbei 
with 
neck rot 


(White_ 

25 

0 

27 

1 

26 

0 

Untopped.. 

■{ Yellow.... 

25 

0 

27 

0 

25 

0 


[Red. 

25 

0 

26 

0 

25 

0 

1 to 2 inches of the neck left 
intact.-. 

(White. 

•^Yellow.... 
[Red. 

25 

49 

29 

0 

0 

0 

25 
27 

26 

0 

0 

25 

3 

■ 28 

0 

0 

0 


0 ' 

No neck tissue left: succu¬ 
lent tissue not exposed. 

(White_ 

Yellow.... 
[Red .... 

25 

25 

25 

0 

0 

25 

25 

0 

s 

' 17 

i 27 

24 

0 

0 

0 


0 


Tops clipped so as to expose 
wounded tissue___ 

(White_ 

i Yellow....! 
[Red .1 

25 

25 

25 

9 

! 6 

23 

29 

30 

, n 

i 15 

1 '"i 

! 25 

25 

; 25 

0 

0 


1 

0 



i i 

I 
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It is again evident that the desiccated neck tissue is, under the 
conditions of the experiment, an effective barriei- against the invasion 
of Botrytis aUU. 

LABORATORY EXPERIMENT WITH BOTRYTIS BYSSOIOBA 
Experiment 3 

With bulbs from the same lot used in exporiiuenfc 1 a (‘omparable 
experiment was conducted at the saino time, wherein inoculations 
were made by spraying with a conidial suspension of Botrytis hys- 
soidea. Inoculation was made on September 3 and the final data 
were recorded on September 22. (Table 7.) 


Table 7. —Development of Botrytis byssoidea in topped and unlopped bulbs of 
three varieties of onion; experiment 5 


Variety 

Condition of tops 

Inoculated bulbs 

Control bulbs 

Total 
mini her 

Number 
wit.h 
neck rot, 

Total 

mirnher 

Number 
with 
neck rot 

White Portugal .. 

Topped.. 

21 

19 

20 

0 

Do.. 

Untopped.. 

ID 

3 

20 

0 

Yfillow' Glnbft - __ 

Topped. 

10 

8 

10 

0 

Do. 

Untopped. 

10 

1 

10 

0 

Red Globe...- 

Topped..... 

10 

8 

10 

0 

Do. 

Untopped.1 

10 

0 

10 

0 








It is evident here, as with Botrytis allii, that the removal of the top 
and exposure of the wounded succulent tissue favors infection. In 
this instance a few more bulbs with tops intact were infected than was 
the case with B, allii. The difference is not great enough, however, 
to warrant the conclusion that B, hyssoidea is more aggressive as an 
invader through the uninjured neck tissue, although this question 
deserves further study. 

It is to be expected that inception of the neck-rot diseases in the 
field may be influenced by the condition of the neck tissues of the 
bulb when it is exposed to the parasites under favorable environment. 
In the experiments just described the bulbs were not exposed to the 
organisms until the tops were entirely mature. lu the light of this 
evidence it might be expected that bulbs which were thoroughly 
mature before being subjected to the organisms would rcunain reason¬ 
ably free frorn infection. The opportunity for prompt and thorough 
desiccation of the neck tissues does not always prevail in the field. 
In general those conditions which favor sporulation of Botrytis allii 
and B. hyssoidea and subsequent germination of coiiidia are the ones 
which inhibit rapid curing of the onion tops. It remained for actual 
field experimentation to determine whether or not the best natural 
curing of bulbs with the tops left intact was sufficient to ward off 
infection by the neck-rot fungi. 

FIELD DATA 

The field studies were cai'ried on in the onion-growing section of 
eastern Racine County, Wis. An area was selected where the crop 
had been grown repeatedly for many years and where mycelial neck 
rot commonly occurs on the stored crop. Unfortunately for this 
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study, the graj-mold neck rot occurs only rarely in this section. The 
small sclerotial neck rot sometimes occurs, but it is confined to the 
white varieties, and they are grown to a very limited extent in this 
section. The field observations are therefore confined almost en¬ 
tirely to BotrifHs byssoidea. 

The first series of experiments was planned to compare the amounts 
of neck rot which developed in bulbs with mature and with immature 
necks at harvest. It was necessary to harvest such bulbs from prac¬ 
tically the same spot and to handle them in the same manner in order 
to give equal exposure to natural inoculum and environing influences. 
Consequently a portion of a field was selected in which the crop was 
approaching maturity and in which the plants were ripening some¬ 
what unevenly. The bulbs were harvested and divided into two 
groups designated as '^matureand '^mniature^^ according to the 
succulence of the neck tissues. They were then topped and placed 
in slatted crates, where they were allowed to cure in the open for some 
weeks, after which they were stored in an onion warehouse. The data 
obtained at the end of the storage periods are given in Table 8. 


Table 8 . —Relation of maturity of neck tissue to natural infection of Red Globe 
onio7is by Botrytis byssoidea 


1 

Year 

Immature 

Mature 

Total 
number 
of bulbs 

Percent- i 
age with ^ 
nock rot 

Total 
number j 
of bulbs 

Percent¬ 
age with 
neck rot 

1917. 

600 

363 

6.5 

21.2 

600 1 
661 

1 2.8 

j 8.6 

1918... 



Although the percentage of infected bulbs in the mature lots was 
small in both years, the amount wsls at least doubled in each case 
in the immature lots. These results are in line with what might be 
expected from the foregoing laboratory data. 

The next matter of importance was to determine whether leaving 
the tops intact after harvest is a reliable barrier against infection. 
The possibility that it is, is suggested by the laboratory experiments, 
inasmuch as clipping the tops while only partially mature exposes 
the succulent wounds to natural inoculum. It is quite possible, 
however, that the fungus may become established in the dying tops 
before they are completely desiccated and thus gain ready access to 
the scales. Field experiments over a period of four years give a fair 
index as to the bearing of this point of natural infection. In each 
season from 1917 to 1920, inclusive, several bushels from the same 
area were harvested with and without tops. They were handled 
otherwise like the commercial crop. In 1917 and 1918 Red Globe 
variety wms used. In 1919 White Globe and Red Globe varieties 
w^ere used, but no neck rot developed in either lot; hence no report is 
included in the table. In 1920 Red, White, and Yellow Globe were 
used. In the last season two harvests were made. The first was on 
September 6, when the tops w^ere not quite mature; the second was 
on October 9, some three wrecks after harvest would normally occur, 
during wdiich time they w^ere exposed to some rainy weather. The 
percentage of neck-rotted bulbs w^as determined at the end of the 
storage period, sind the data are recorded in Table 9. 
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It is again evident that the desiccated neck tissue is, under the 
conditions of the experiment, an effective barrier against the invasion 
of Botrytis allii, 

LABORATORY EXPERIMENT WITH BOTRYTIS BYSSOIDEA 
Experiment 3 

With bulbs from the same lot used in experiment 1 a comparable 
experiment was conducted at the same time, wherein inoculations 
were made by spraying with a conidial suspension of Botrytis bys- 
soidea. Inoculation was made on September 3 and the final data 
\vere recorded on September 22. (Table 7.) 


Table 7. —Development of Botrytis bijssoidea in topped and untapped bulbs of 
three varieties of onion; experirnent 3 




Inoculated bulbs 

(Control bulbs 

Variety 

Condition of tops 

Total 

number 

Number 
with 
neck rot 

Total 

number 

Number 
with 
neck rot 

White Portugal . 

Topped... 

21 

19 

3 

20 

0 

Do. 

Untopped. 

19 

20 

0 

Yellow Glohe . 

Topped.. 

10 

8 

30 

0 

Do. 

Untopped-__ 

10 

1 

10 

0 

Red Globe. 

Topped.. 

10 

8 

10 

0 

Do.. 

Untopped.. 

10 

0 

10 

0 




It is evident here, as with Botrytis alliij that the removal of the top 
and exposure of the wounded succulent tissue favors infection. In 
this instance a few more bulbs with tops intact were infected than was 
the case with B. allii. The difference is not great enough, however, 
to warrant the conclusion that B, byssoidea is more aggressive as an 
invader through the uninjured neck tissue, although this question 
deserves further study. 

It is to be expected that inception of the neck-rot diseases in the 
field may be influenced by the condition of the neck tissues of the 
bulb when it is exposed to the parasites under favorable environment. 
In the experiments just described the bulbs were not exposed to the 
organisms until the tops were entirely mature. In the light of this 
evidence it might be expected that bulbs which ^vere thoroughly 
mature before being subjected to the organisms would remain reason¬ 
ably free from infection. The opportunity for prompt and thorough 
desiccation of the neck tissues does not always prevail in the field. 
In general those conditions which favor sporulation of Botrytis allii 
and B, byssoidea and subsequent germination of conidia are the ones 
which inhibit rapid curing of the onion tops. It remained for actual 
field experimentation to determine whether or not the best natural 
curing of bulbs with, the tops left intact was sufficient to ward off 
infection by the neck-rot fungi. 

FIELD DATA 

The field studies were carried on in the onion-growing section of 
eastern Racine County, Wis. An area was selected where the crop 
had been grown repeatedly for many years and where mycelial neck 
rot commonly occurs on the stored crop. Unfortunately for this 
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study, the gray-mold neck rot occurs only rarely in this section. The 
small sclerotial neck rot sometimes occurs, but it is confined to the 
white varieties, and they are grown to a very limited extent in this 
section. The field observations are therefore confined almost en¬ 
tirely to Botrytis hyssoidea. 

The first series of experiments was planned to compare the amounts 
of neck rot which developed in bulbs with mature and with immature 
necks at harvest. It was necessary to harvest such bulbs from prac¬ 
tically the same spot and to handle them in the same manner in order 
to give equal exposure to natural inoculum and environing influences. 
Consequently a portion of a field was selected in which the crop was 
approaching maturity and in which the plants were ripening some¬ 
what unevenly. The bulbs were harvested and divided into two 
groups designated as ''mature” and "immature” according to the 
succulence of the neck tissues. They were then topped and placed 
in slatted crates, where they were allowed to cure in the open for some 
weeks, after which they were stored in an onion warehouse. The data 
obtained at the end of the storage periods are given in Table 8. 


Table S .—Relation of maturity of neck tissue to natural infection of Red Globe 
onions by Botrytis byssoidea 


Year 

i 

Immature 

Mature 

Total 
number 
of bulbs 

Percent¬ 
age with 
neck rot 

Total 
number 
of bulbs 

Percent¬ 
age with 
neck rot 

i 

1917.-.1 

600 

363 

6.5 

21.2 

600 

661 

2.8 

8.6 

1918. 



Although the percentage of infected bulbs in the mature lots vras 
small in both yeai's, the amount was at least doubled in each case 
in the immature lots. These results are in line with what might be 
expected from the foregoing laboratory data. 

The next matter of importance was to determine whether leaving 
the tops intact after harvest is a reliable barrier against infection. 
The possibility that it is, is suggested by the laboratory experiments, 
inasmuch as clipping the tops while only partially mature exposes 
the succulent wounds to natural inoculum. It is quite possible, 
however, that the fungus may become established in the dying tops 
before they are complete^ desiccated and thus gain ready access to 
the scales. Field experiments over a period of four years give a fair 
index as to the bearing of this point of natural infection. In each 
season from 1917 to 1920, inclusive, several bushels from the same- 
area were harvested with and without tops. They were handled 
otherwise like the commercial crop. In 1917 and 1918 Red Globe 
variety was used. In 1919 White Globe and Red Globe varieties 
were used, but no neck rot developed in either lot; hence no report is 
included in the table. In 1920 Red, White, and Yellow Globe were 
used. In the last season two harvests w^ere made. The first was on 
September 6, when the tops were not quite mature; the second was 
on October 9, some three weeks after harvest would normally occur, 
during which time they were exposed to some rainy weather. The 
percentage of neck-rotted bulbs was determined at the end of the 
storage period, and the data are recorded in Table 9. 
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Table 9. — The effect of the removal of onion tops upon infection bp Botrytis byssoidea; 
experhnents'at Racine, Wt7~19'JiO; data at end of the storage period 


Voiir !intl variety 

'^ro[>|)ed bulbs 

Tnbil roro(‘nl,- 

nmniK'r J 

Gntopped bulbs 

ToLil CtM-eont- 

nuinber 

1917: 

Red Qlobo.-.-.-. 

1, 228 

1 

5.1 

1,104 

I 0.0 

1918: ' 





Rod Globe.-.. 

292 

8,2 

292 

2.7 

1920 (harvest on Sept. 6): 





Red Globe...... 

243 

0.0 

194 

0.0 

Yellow Globe..... 

224 

0.0 

214 

0.0 

White Globe...... 

2(9) 

40.2 

340 

37.3 

1920 (harvest of Oct. 9): 





Red Globe.-. 

340 

0.2 

305 

0.0 

Yellow Globe... 

323 


297 

0,0 

W'hite Globe... 

338 


3(M 

51,9 


The data show the striking difference in susceptibility between 
colored and white varieties, a matter which will be discussed later. 
It is evident also that the bulbs in the earlier harvest, even though 
the tops were not quite mature at the time of harvesting, acquired 
less neck rot than did those which were harvested later, when the 
tops were mature. This is contradictory to the data previously dis¬ 
cussed, in which mature and immature plants harvested at the same 
time showed the opposite results as to amount of infection. The 
bulbs harvested in early September had the advantage of good 
curing weather, which is also unfavorable for production of Botrytis 
conidia and infection. Those bulbs which remained longer in the 
field were exposed to environmental conditions more conducive to 
neck-rot infection. This is evidence therefore that the weather con¬ 
ditions are quite as important as the degree of maturity. Consider¬ 
ing the effect of the removal of tops, it is evident that the bulbs of the 
white variety with tops left intact were affected nearly as severely 
as those which were topped. In the laboratory experiments (experi¬ 
ments 1, 2, and 3) the neck tissue of the bulbs was quite thoroughly 
desiccated before it was exposed to the organism. In the field this 
is not necessarily the case, and the difference in the field and labora¬ 
tory results can only be explained by the supposition that infection 
in the field took place before the tops were completely cured. It is 
further evident that the harvesting of bulbs with the tops intact can 
not be relied upon as an effective means of control with the white 
varieties. 

VARIETAL RESISTANCE 

The fact has become well-established among onion growers and 
dealers that, of the varieties which are commonly grown for storage, 
the colored-bulb types have much better keeping qualities than the 
white-bulb type. The degree of susceptibility of the different 
varieties to the three neck-rot decays also tends to substantiate this 
fact. Munn {20) points out this diflFerence in varietal susceptibility 
to Botrytis allii. In the Middle West it has been repeatedly ob¬ 
served in connection with B. hyssoidea, and the results of a critical 
comparison are given in Table 9. Up to the present, B. squamosa 

k 
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has been found in nature only upon white bulbs or (in one instance) 
on bulbs having a very slight yellowish color. The high resistance 
of yellow and red bulbs is shovm by the fact that in several cases 
where the small sclerotial neck rot occurred on white onions, colored 
bulbs grown next to them were completely free from the disease. 

There is abundant evidence, however, that colored bulbs are not 
resistant once infection is established. In nature they are not always 
completely free from the gray-mold or mycelial neck rots. The dif¬ 
ference between the amount of disease in colored and white varieties 
is usually striking, but such colored bulbs as become infected decay 
quite as readily as the white bulbs. Repeated comparative inocu¬ 
lations have been made with each of the three neck-rot organisms 
upon red, yellow, and white bulbs. The results have uniformly 
shown that infection by way of wounds in the succulent scales is 
attained quite as readily in one variety as in another, while the 
progress of decay following infection is approximately the same in 
colored and white bulbs inoculated with any one of the three forms of 
neck rot. Resistance in the colored bulbs appears to be due to the 
exclusion of the fungi. The outer scales and the neck tissue of pig¬ 
mented bulbs contain a water-soluble substance which is decidedly 
toxic to the Botrytis forms as well as to certain other onion-bulb 
pathogenes. It has been suggested that this toxin may prevent the 
invasion of the neck tissue by the Botrytis organisms and thus pre¬ 
clude infection. Further details of this phase of the investigation 
have been presented earlier {32, 35) ^ 

CONTROL 

The control of the neck rots of onion has not been completely 
worked out as yet. The wider use of colored varieties has served to 
reduce the losses in a considerable measure. The greatest hazard is 
encountered when the white varieties are grown. There is little in 
the way of crop rotation and sanitation with an intensively produced 
crop like the onion which can be relied upon to reduce the disease in 
environments favorable to it. The most hopeful measure so far 
devised is that of artificial curing of the bulbs after harvest to check 
the organisms in severely infected lots. The investigations, which 
so far have dealt primarily with mycelial neck rot, show that rapid 
desiccation of the neck tissues, even though infection has already 
become evident, will to a great extent prevent further advance of 
the disease. Preliminary results have already been published {33), 
and further experimental work is under way. 

SUMMARY 

Three closely related but distinct neck-rot diseases of onion bulbs 
have been described. They are distinguished as follows: Gray-mold 
neck rot {Botrytis allii Munn), mycelial neck rot {B. iyssoidea 
Walker), and small sclerotial neck rot {B. squamosa Walker). 

The symptoms of each disease have been described and the morph« 
ology and pathogenicity of each organism discussed. 

The three organisms are readily distinguished by the character of 
their growth upon potato-dextrose agar. 


3 In the papers cited Botrytis byssoidea is referred to as Botrytis sp. 110 and B. squamosa is referred to as 
Botrytis sp. 108a. 

22539—26-3 
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All three organisms will produce growth on potato-dextrose agar 
over a range ol‘ 3° to 33° C., with most profuse development from 
about 20° to 25°. Spore germination occurs over a range of 3° to 
27° but most promptly from about 19° to 27°. Botrytis allii and B. 
byssoidea sporulate at temperatures from 4° to 25° or higher, but B. 
squamosa seldom produces spores at temperatures above 20°. Infec¬ 
tion and decay of the bulbs, however, are clearly favored most by 
temperatures below 20° and above 15°. 

Field observations in the Middle West over a period of years show 
that B. byssoidea at least has been most prevalent during seasons in 
which the temperature was, on an average, below normal and the 
rainfall above normal. 

Infection by Botrytis allii and B. byssoidea takes place more 
readily when the neck tissue is succulent at the time of exposure than 
when it has become desiccated. When harvested under comparable 
conditions, bulbs with immature tops showed a higher percentage of 
infection by B. byssoidea than did bulbs with mature tops. The 
removal of tops at harvest predisposes the bulbs somewhat more to 
infection by B. byssoidea. The difference between results with top¬ 
ping the bulbs and harvesting them with tops intact is not great 
enough, howmver, to warrant recommendation of the latter procedure 
as a means of control. 

Colored varieties are in general less subject to attack by these 
three neck-rot organisms than are white varieties. When infection 
once occurs, however, decay proceeds with equal rapidity in both 
types. It is suggested that the water-soluble toxin present in the 
dry outer scales and neck tissue of colored bulbs aids materially in 
excluding the organisms. 

The disease may be controlled in a large measure by the use of 
colored varieties. Artificial curing of the bulbs after harvesting so 
as rapidly to desiccate the neck tissues is also effective in checking 
the disease. 
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FUSARIA CAUSING BULB ROT OF ONIONS' 


By George K. K. Link, Pathologist^ and Alice A. Bailey, Junior Pathologist, 

Vegetable and Forage Diseases, Bureau of Plant Industry, llnited States Depart^ 

ment of Agriculture 

INTRODUCTION 

Immediately upon institution of cooperative work in 1917 between 
the fruit and vegetable inspection service of the Bureau of Agricultu¬ 
ral Economics and the Bureau of Plant Industry, it vras found that a 
bulb rot is an important factor in the market and transit losses of 
onions. Fusarium species were found associated with this rot. 
Reports of the disease in the field had been made by Selby {Sy from 
Ohio in 1910, by Hanzawa {5) from Japan in 1914, and by Clinton 
{3, 4) from Connecticut in 1915. 

In the fall of 1920, the attention of the senior writer was called to 
serious field losses in the onion fields near Grand Junction and Delta, 
in the Uncompaghre Valley of Colorado. It was found also that 
during the previous winter exceedingly heavy losses had occurred 
during storage of onions in this section. The disease appeared to be 
like the bulb rot which had been noted repeatedly on the market in 
imported and domestic onions from various parts of the United 
States (6). Material was collected in the Colorado fields, and this 
became the basis for intensive study of the disease. 

During 1921 the bulb rot was a serious factor in onion shipments 
from Texas. Some rot was also noted on the market in shipments 
from Colorado, During 1922 material was collected in the fields 
near Stockton, Calif., Walla Walla, Wash., and again in the Uncom¬ 
paghre Valley of Colorado. It was found at Walla Walla that the 
bulb rot had been becoming an increasingly serious factor in the pro¬ 
duction and marketing of onions (2). In this section the onion crop 
matures in the summer. The disease not only cuts the crop short 
by causing premature death of the tops and small-sized bulbs but 
also necessitates heavy culling and immediate marketing under 
refrigeration to reduce losses from development and spread of the 
rot after harvest. Much material was collected in Walla Walla by 
the senior writer, and later more was sent from there by G. R. 
Isaman and Carl Dysart. 

After the writers had begun vrork on the onion bulb-rot problem, 
it developed that J. C. Walker (12) was carrying on studies of a bulb 
rot of onions which occurred in the onion-set producing sections near 
Chicago. It was agreed that he should continue his studies of the 
Illinois bulb rot and that the writers would pursue their studies of 
the material which they had collected. 

The results reported in this paper are based on studies of material 
collected in the markets of the United States, especially in Chicago 
since 1917, and in the field, especially in Colorado and Washington. 


1 Received for publication June 10, 1926; issued December, 1926. Contribution from the Research 
Laboratory of Market Diseases of Vegetables and Fruits, Bureau of Plant Industry, U. S. Department 
of Agriculture, and the Botany Department of the University of Chicago, cooperating. 

2 Reference is made by number (italic) to “ Literature cited,” p. 951. 
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Two hundred isolations have been made from affected bulbs. Single¬ 
spore cultures have been made from one-half of these. The distribu¬ 
tion of the sources of these cultures is as follows: California (Stock- 
ton), 10; Colorado (Delta), 33; Illinois, 6; Egypt, 2; Spain, 4; 
Texas, 6; and Washington (Walla Walla), 131. To begin with, 
single-spore cultures were made of all material as it was re(*cived, 
and these were used for cultural and inoculation experiments. It 
was found impossible to continue the work on this scale, and as a 
result the collections made since 1923, with a few exceptions, have 
not been grown as single-spore cultures, and cultural and inoculation 
studies have been limited to about 100 single-spore cultures. 

The cultures derived from single spores were grouped as much as 
possible on the basis of macroscopic characters. One group of 26 
organisms and a few individual cultures from other groups were used 
for intensive work. It was found that even this one group of 
apparently similar organisms contained more than one species. 

The situation is comparable to the potato Fusarium problem, and 
much work remains to be done. The major difficulty lies in the 
taxonomy of the form genus Fusarium, (1) which is fully appreciated 
only by those who have done more than desultory work with these 
fungi. Clearly, it is not advisable to defer publication until all the 
organisms collected are studied and identified. 

This paper reports the results of an intensive study of the cultural 
characters and pathogenicity of 10 organisms whose final classification 
was made at the Fusarium conference, with the help of H. W. 
Wollenweber (17) and C. D. Sherbakoff.® It is hoped that this work 
can be continued so as to clear up the onion Fusarium situation. 

THE DISEASE 

On the market and in storage, bulb rot of onions has been found in 
different degrees of severity in onions from practically all large onion¬ 
growing sections of the United States. It occurs also in onions from 
Egypt and Spain. It has been found that there is a definite correla¬ 
tion between abundance and severity of the disease in transit and 
storage, and in the field. This was clearly brought out by the Walla 
Walla situation. The fact that Fusarium species are soil inhabitants 
occurring all over the world makes it probable that Fusarium bulb 
rot will be found wherever temperature conditions are favorable for 
infection after onion culture has been carried on long enough to give 
rise to an abundant source of inoculum in the soil. 

Walker and Tims { 12 , 683 - 684 ) give the following description 

of the disease as it occurs in the field in the Chicago region and in 
the greenhouse: 

^ A progressive yellowing and dying back from the tips of the leaves is the first 
sign. The rapidity of this development will vary, sometimes the aerial part 
dying completely within one or two weeks and in other cases the decay extending 
over a much longer period. Appearance of newly affected plants may continue 
until harvest. When the early signs of the disease appear above ground, decaj^. 
hp.already started at the stem plate. (Fig. 1, A.) The roots commonly turn 
pink and gradually decay, until eventually the entire root system mav disappear. 
A semiwatery decay affecting all the tissues of the succulent scales starts from 
the base upward. (Fig. 1, A, B, C.) In early infections this decay may con¬ 
tinue so as to almost completely destroy the bulb by harvest. (Fig, 1, B.) In 

3 TJae Fusarium confereuce was held at Madison, Wis., in 1924. The writers are indebted to the fol- 
lowmg who took part in it: H, W. Wollenweber, C. U. Sherbakofl, 0. A. Eeinking, and Helen Johann. 
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Fig. 1.—Fusarium bulb rot of young onion plants collected in the field at WaUa Walla, 
Wash., June, 1923: A, withered and yellowed tops, the first field symptom; A, B, and C, 
dead roots (note progress of the lesion from the scale plate); B, bulb almost completely 
decayed, a white hyphal mass showing between the scales 
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other cases incipient infections at harvest contiiuie to advaiK;e during storage and 
transit, finally leaving dry, shrivelled mummies. In the case of red onions it is 
common for the anthoevan pigment in the outer epidermis to turn green in color 
for a considerable distance in advance of the actual decay, indicating a change 
in reaction of the cell sap. Fiisarium infection of the bulb is often associated 
with insect wounds, and since this organism is primarily a wound parasite the 
coincidence of severe cpiphvtotics of the disease and maggot injury is common. 




Fig. 2.—Fusarium bulb rot following inoculation with a fjure culture of F. zonatum 
forma 1. A and B, controls showing wound made by inoculation; C, a section through 
D, cut so that the wound is visible at the surface with a mass of hyphae. A mealy 
decay extends from the wound, involving the scale plate and half of the bulb up to the 
neck. The decayed half is collapsed; D, exterior of an onion showing shriveling and 
superficial growth of the mycelium at the scale plate as well as at the opening of the 
wound 


Observations of plants in the field made by the writers towai'd the 
close of the growing season in California, Colorado, and Washington, 
and of plants grown and inoculated experimentally in the greenhouse, 
indicate that this description is generally applicable. 

The symptoms of affected bulbs vary with the moisture content of 
the bulb and of the air. So far there seems to be no difference in 
symptoms correlated with different species of Fusarium, as in the 
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tuber rots of the Irish potato. Freshly infected bulbs show nearly 
vinaceous buff to avellaneous ^ mealy decay extending upward from 
the scale plate, which in a humid atmosphere usually becomes cov¬ 
ered with a white to pinkish cottony mycelium. (Fig, 2, D.) If the 
bulb at this stage is exposed to dry air, it loses water rapidly, the 
scales become tough and leathery, and the bulb becomes a mummy. 
However, if the bulb is kept under moist conditions the scales become 
filled with mycelium, which forms rows of cushions extending along 
the veins, and these are visible through the epidermis. (Fig. 2, C.) 
If the bulb reaches this stage before drying out, the affected scales, 
when they do dry out, are powdery and full of spores. There is no 
foul odor in bulbs affected with Fusarium bulb rot. When the 
bulbs are kept in moist air bacteria often become active, and in con¬ 
junction with Fusarium species, cause a semiwatery to watery decay 
which often is foul smelling. This decay, due to bacteria and Fusa¬ 
rium species, is not, however, as wet or slimy as that caused by 
bacteria alone. 

It should be pointed out that Fusarium species, which upon inocu¬ 
lation into a bulb do not produce a decay by themselves, when 
associated with bacteria progress through the scales of the bulb, 
producing the plectenchymatic cushions and spore masses present in 
bulbs attacked by truly pathogenic Fusaria. The decay so pro¬ 
duced differs from true Fusarium decay only in that it is semiwatery 
instead of mealy and has a foul odor, but can not be distinguished 
from that caused by a pathogenic species plus bacteria. This 
accounts for the fact that many bulbs naturally infected yield only 
nonpathogenic Fusaria when they are cultured. 

PROOF OP PATHOGENICITY 

To demonstrate the pathogenicity of the organisms isolated from 
decaying onions, inoculation experiments were conducted with grow¬ 
ing plants and with mature bulbs. 

Inoculation of Sets 

Sets of red, yellow, and white onions were selected for freedom 
from disease. They were placed for 15 minutes in 1:1,000 corrosive 
sublimate solution and then rinsed in sterile distilled water. They 
were planted in soil which had been autoclaved at 15 pounds for 
two hours. Eight-inch pots were used and five bulbs vrere 
planted in each. Two of the bulbs of each pot were wounded by 
cutting a small piece out of the side of the scale plates (1 mm, wide, 
4 to 5 mm. long, and 3 mm. deep). The bulbs were placed on pieces 
of Melilotus stems inoculated with the culture under test. 

There was no stunting or evidence of disease until the plants were 
approaching maturity. (Fig. 3.) Plants grown in inoculated soil did 
not mature faster than the controls. The leaves of both controls 
and plants in inoculated soil had begim to dry back from the tips 
and some plants had set seed before the first symptoms of disease 
developed. (Fig. 4, B.) At this stage plants in the inoculated 
pots collapsed suddenly with yellowing and wilting. This occurred 
during a period of exceedingly hot weather following a sudden rise 
of temperature (fig. 5), and is in harmony with the findings of Walker 
and Tims {12^ p. 69S), Examination of the bulbs of such collapsed 


* Designations of color are made according to Ridgway (7). 
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Fig. 4.—Soil inoculation experiments with red, white, and yellow varieties of onions. A, soil inocu¬ 
lated with Fusarium zonaUim forma 1: a, white variety; b, red; c, yellow. B, soil inoculated with 
F. malli: a, red variety; 6, yellow; e, white. Age of plants in A and B, 15 weeks. Death of tops in A 
was due to age and bulb decay; in B to age alone 
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plants revealed typical bulb rot and the inoculated organisms were 
recovered by culture. (Table 1.) In some cases the rot was asso¬ 
ciated with maggot injury in the nonwounded bulbs. The bulbs of 
the controls were examined critically to determine whether the 
dying-back noted in the leaves could be associated with any abnormal 
condition of the bulbs. Out of 45 controls only one bulb showed 
decay. It had been injured by maggots and mites, and bacteria and 
a Fusarium belonging to the section Marticlla, none of which were 
found to be pathogenic to onions, developed in culture. 

Fusarium malli (fig. 4, B), F. rasinfectum, F. oxysporuMy F. martii 
var. minusj F. hulbigenurn, and F. moniliforme (fig, 8, A), all isolated 
from decayed bulbs, were used in this experiment, but did not produce 



12 3456789 

WEEKS 

showing average maximum, moan, and minimum air i^‘mporat.un^s nrovailing during 
me last nine weeks (May 5 to June 30) of soil inoculation experiment i)oguu Marcli 10, 1025. The 
first symptoms of the disease did not appear until June 12, immediately following the onset of high 
temperatures. A, maximum (average); B, mean (average); C, miiilmiim (average). Temperature 
m degrees centigrade 

decay. In bulb inoculations these also proved nonpathogenic with 
the exception of F. moniliformej which sometimes produced rot. 

Some of the onions from inoculated soil, which showed no bulb 
rot at the conclusion of the experiment in the greenhouse, were held 
to determine whether they would develop bulb rot in storage. They 
were stored in clean paper bags at room temperature (20 to 24° C.) 
for several months. At the end of this period some of these bulbs 
had developed typical bulb rot. (See Table 2.) The lesions were 
cultured and the inoculated organism was recovered. These experi¬ 
mental facts show that bulbs, apparently free from decay and wounds, 
harvested from infested soil can develop the disease in transit and 
storage. 
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Table 1.— Inoculation of sets 


Culture 

Red 


Yellow 



White 

Wounded 

Un wounded 

W'ounded 

Un wounded 

Wounded 

Un wounded 

Num¬ 
ber of 
bulbs 
tested 

Num¬ 
ber of 
bulbs 
de¬ 
cayed 

Num¬ 
ber of 
bulbs 
tested 

Num¬ 
ber of 
bulbs 
de¬ 
cayed 

Num¬ 
ber of 
bulbs 
tested 

Num¬ 
ber of 
bulbs 
de¬ 
cayed 

Num¬ 
ber of 
bulbs 
tested 

Num¬ 
ber of 
bulbs 
de¬ 
cayed 

Num¬ 
ber of 
bulbs 
tested 

Num¬ 
ber of 
bulbs 
de¬ 
cayed 


1456-c (F. zonatum forma 












2)--. 

4 

1 

6 

2 

4 

1 

6 

“3 

4 

1 

6 i 0 

1490 (F. zonatum forma ])_. 

4 

4 

6 

0 

4 

2 

6 

3 

4 

1 

6 i 1 

1440-c (F. cepae). 

4 

1 

6 

0 

4 

*>2 

6 

1 

4 

2 

6 1 

1660 (F. malli).. 

4 

0 

6 

0 

4 

0 

6 

0 

4 

0 

6 ! 0 

1324 fF. vasinfectura). 

4 

0 

6 

0 

4 

0 

6 

0 

4 

0 

6 i 0 

1626-b (F. o.xysporum). 

4 

0 

6 

0 

4 

0 

6 

0 

4 

0 

6 0 

1495 (F. martii var. minus). 

4 

0 

6 

0 

4 

c2 

6 

0 

4 

0 

6 <=1 

1624-b (F. moniliforme)_ 

4 

0 

6 

0 

4 

1 0 

6 

0 

4 

n 

6 : 0 

1407 (section Martiella)_ 

4 

0 

6 

0 

4 

0 

6 

0 

4 

0 

6 i 0 

1455-d (F. bulbigenum)_ 

4 

0 

6 

‘’I 

4 

If M 

i\ «1 

} ® 

0 

4 

0 

6 : 0 

Control. 

6 

0 

9 

0 

■ 

0 

9 

0 

6 

n 

9 1 0 


«1 bacteria and maggots. 

1 plus maggots. 

e Bulb injured by sow bugs; rot plus bacteria. 

^ Slight. 

«Rot plus Penicillium. 

f Bacteria and Martiella group Fusarium plus maggots and mites. 

Table 2. —Greenhouse onions kept in storage 


Culture No. 

1 

j 

Onion variety | 

Wounded or un¬ 
wounded 

Number 
of bulbs 
stored 

Number 
of bulbs 
showing 
decay 

1624-b' (F. moniliforme). 

/White.i 

Wounded..... 

2 

0 

\Ypllnw i 


2 

0 

0 

1660 (F. malli). 

/Yeiiow.I 

Un wounded.. 

1 

■jWhitii 1 



0 


f Yellow_i 

Unwounded... 

2 

0 

1455-d (F. bulbigenum). 

Red.■ 

Wounded_ 

1 

0 


do 

1 

0 


.. .do.. 

Unwounded.. 

2 

0 


fYellow. 

"Wounded_ 

2 

0 

1626-b (F. oxysporum). 

.. do.. 

Unwounded.. 

: 3 

0 


Wmiridpd 

i 1 

0 


_do_ 

Unwounded.. 

1 

0 


Yellow _ .. 

Unwounded.. 

1 

0 


_do_ 

Wounded_ 

1 

(“) 

0 

1407 (section Martiella). 

White.. -_ 

.do. 

1 

_(Jo_ 

TTnwoiTodpd 

1 

0 


Red__ 

j Wounded__ 

1 

0 


.. do.. 

Unwounded.. 

1 

0 


(Red. 

1 Wounded. 

1 

(“) 

1456-c fF. zonatum forma 2)_ 

J Yellow. 

i Unwounded.. 

1 

0 


White i 

[ ...do. 

2 

1 

1495 (F. martii minus)... 

White.^ 

1 Unwounded. 

1 

(0 


(Red . - . 

1.do . 

1 

1 

1490 (F. zonatum forma 1). 

•{Yellow.. 

i Wounded. 

1 

1 


White. 

1 . do . 

1 

1 

1440-c (F. cepae). 

/Red 

1 Unwounded.. 

2 

1 

(’White__ 

!_do.... 

1 

1 

1 






^ Rot plus Penicillium. ** Penicillium only. 


Bulb Inoculations 

For these experiments disease-free bulbs were selected of white, 
yellow, and red varieties. The bulbs were washed, immersed in 
1 :1,000 mercuric chloride for one hour and then rinsed in sterile 
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water. Early tests with wounded and nonwounded bulbs indicated 
that the Fusariuni species pathopnic to onion bulbs are wound 
parasites. (See Table 3.) For this reason in all later pathogenicity 
tests, a stab was made with a steiile probe just above aiul extending 
into the scale plate. (Fig. 2, A, B.) The inoculum consisted of 
spores taken from 10-day-old potato dextrose tubes and was in¬ 
serted in the stab with a needle. The bulbs were then placed in 
sterile moist chambers and incubated at 25° C. for 48 hours. They 
were next put into clean now paper bags (a bag for each species of 
Fusarium) and stored in a cabinet at room temperature (20 to 24° C.) 
for periods of two weeks to four months. Adequate controls were 
run. 

Table 3. —Summary of inoculation of ivoimded and unwounded bulbs 
[Single-spore cultures were used for inoculations] 


Culture No. 

Locality from which 

Uegion from w'hich isolation 

Inoculations 

onion was obtained 

was made 

Wounded 

ITnwoundcd 

299 

Spain.... 

Bulb.^. 



404 . 

Texas.- 

Bulb (side lesion). 


_ 



Bulb. 

_ 

_ 

454-b. - 

.do. 

.do. 

+ 

+ 

_ 


_do... 

.do. 


456 . 

_do___ 

1 .do. 


— 

486 . 

_do._..1 

I.do.-. 



487 . 

.do. 


+ 


4R8 

_do__ --- . 

.do.- 

4- 

_ 

490 . 

_do_ 

.do.. 

-f 

— 

491-Ji 

_do._ _ - 

.do. 


_ 

491-b. 

_do._ 

_do.. 

— 

— 

524-a. 

_do. . 

.do. 

+ 

Penicillium__ 

Rhizopiis. 

524-b. 

.do... 

.do. 

524-c . 

_do_ .. _ 

_do.. 


— 

524-d. 

_do.... 

.do..-. 

__ 

592. 

Spain. 

.do. 

_ 

592-a. 

_do... _ 

Same bulb as 592. 


_ 

592-b (a). 

---.-do.. 

Bulb. 

—- 

— 

592-b (b). 

.do--. 

Same bulb..- 

-j- 


602. 

Illinois.. 

Onion sot.. 


__ 

673. 

Colorado... 

Bulb... 


Rhizopus. 

840-a. 

Texas... 

_do_ - - - 

+ 

840-b. 

_do___ 

.do. 


_ 

1182. 

Spain. 

_do___ 

+ 

_ 

1260-b. 

Colorado. 

.do_-. 


— 

1263. 

_(io... 

_do_ - - 


1264. 

.do... 

.do-.. 

_ 

1322. 

.do.. 

-_ -.do-- 

-|- 

— 

1323. 

.do.. 

_do- 



1324. 


_(lo___ 

_ 







Generally mycelium developed in the mouth of the wounds in 
48 hours, even in those onions which did not become diseased. In 
those which rotted a depressed area developed about the mouth 
of the wmund in 4 to 5 days, depending upon the temperature. The 
sunken area increased but not commensurately with the volume of 
the affected tissues. (Fig. 2, D.) Affected tissues appeared plump, 
but when pressure was applied were found to be spongy instead of 
firm. 

There were very few contaminations and these were due to bacteria 
and to Penicillium spp. (Table 4.) The latter did not markedly 
affect the nature of the decay but bacteria did, changing the decay 
from a mealy to a watery one. 
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Table 4. —Summary of inoculation experiments of wounded hulhs 
[Inoculations made vrith single-spore cultures] 


Culture 

No. 

Locality 
from which 
bulb was 
obtained 

Region of bulb from 
which isolation 
was made 

Group to which culture 
belongs 

1 

Number 
of inocu¬ 
lations 

]490. 

D“. 

B** ... 1 

Elegans (zonatum forma l).. 
.do... 

28 

1491. 

D..._. 

B.! 

14 

1459-b 

W. 

B.i 

.do... 


1451-c. 

W. 

(B). 

_do_ - 

16 

1430-a. 

W_ 

B--_■ 

_do.-. 

14 

1440-c. 

W. 

(B). 

Elegans (eepae emend.). 

28 

1456-c. 

W. 

(B).. 

Elegans (zonatum forma 2)- 
_do... 

28 

1458-a 

W.. 

B-.... 

14 

1443-b_ 

W. 

B.. 

.do... 

14 * 

1475~d_ 

W.. 

B..... 

_do... 

14 

1454-b- — - 

W . 

B . 1 

_ do _ _ 

16 

1484-a . 

W.._ . 

(B) . 

Elegans __ 

17 

1455-d . 

W . 

B.... 

Elegans (bulbigenum). 

30 

1426-B 

W. 

B. 

Elegans_ _ _ 

14 

1450 

D. 

B. 

.do . 

15 

1496-x _ 

D . 

B . 

.....do ... 

14 

1493 _ 

D . 

B . 

_ do .. 

14 


w . 

(B) . 

_ do ... 

14 

1433-b - 

w_ . 

1 (B) . 

. do . 

14 

1475-b 

w.:.:. .. 

B.. . 

_ do . 

14 

1471-b . 

w . 

(B) . 

. do . 

14 

1429-C- 

w . 

(B) . 

. do . i 

14 

l457-d 

w . 

(B) . 

_ do— .. i 

14 

1446-e - - 

w . 

B.. . 

. do .... 

14 

1409 

s 

B . . 

_ do ... 

14 

1322 . 

D . 

B . 

Liseola (P. moniliforme) _ 

. do . 

10 

840-b . 

T . 

B . 1 

12 

1 fi24-h' 

w : 

Stem plate __ __i 

. do ... 

10 

1324 . 

D . 

Side lesion of bulb... 

Elegans (P. vasinfectum) . -. 

1 Martiella(F.martii minus). .1 
; Martiella . 

16 

1495 . 

D . 

B . 

19 

1407 . 

S . 

R ... 

15 

1626-b . 

w . 

B . 

j Elegans (F. o.xysporum) _ 

Elegans . 

16 

1475-C 

w . 

R . 

14 

480 

D . 

B . 

Martiella . 

14 

1204 

D 

B.. . 

1 Discolor .... 

12 

592 - --- 

Spain-- -- 

B . 

j Elegans . 

11 

299 

Spain - 

B . 


10 

1397 

S —. 

Stem plate. _ 

1 

. do . 

6 

1401 

s 

R. 

. do .... 

6 

1404-jt. 

s 

R. 

. do . 

6 

1404-B 

S - 

R. 


6 

1405 

S- i 

R . 

Martiella . 

6 

1406-a 

S 

R . 


6 

1406-B 

S - 

R . 

Elegans . 

6 

1426-A 

w 

B . 

. do . 

6 

1427-A 

w 

(B) . 

' _ do __ 

6 

1427~B 

w 

(B) .- 

! _ do . 

6 

1429-4. 

w 

(B) . 

' _ do. . 

6 

1430-e 

w. , 

(B) . 


6 

143I-fl 

w 

(R) . 


6 

1432-f» 

w 

B-.. . 

' . do ... 

6 

1432-0 

w 

R. 

'• . do . 

6 

1432-E 

w 

Bulb bf 1432-c . 

.. do ... 

6 

1433-rl 

w 

B . 

i _ do __ 

6 

1434-B 

w 

(BJ . 


6 

1434-d 

w 

(B) .. 

i . do. ... 

6 

1435-b 

W- 

Stem plate __ 

_ do ... 

6 

1435-d 

w 

(B) .— 

i . do .. 

6 

143fi-a 

w 

B . . 

1 _ do ... 

6 

1436-e . 

w 

Root of 1436-a _ 

1 Martiella ___ 

6 

1437-b'' 

w 

B . 

! Elegans . 

6 

1437-d 

w 

B . 

I _ do .. 

6 

1438-a 

w 

B .. 

J _ do __ 

6 

1438-c 

w . 

B . 

. do . 

6 

1i3Q-h 

w 

B _ 

■ do __ _ . 

6 

1 

■| i 



Number of takes 


28. 

14. 

15. 


14. 


25. 

14. 

11 . 

14. 

le. 

14. 

4, slight; 6 , rot 
plus baet.c 

0 . 

0 . 

0 . 

3? 

3? 

3; 1, rot plusbact. 
2, rot plus bact. 

0 . 


0 . 


2; 2, rot plus bact. 

3, plus bact; 4, 
rot plus bact. 

2, slight. 

0 . 

1, slight; 1, rot 
plus bact. 

0 . 

5, slight; 5, rot 
plus bact. 

1, rot plus bact; 
1, rot plus Pen- 
icillium. 

5, slight. 

1, slight; 4, rot 
plus bact. 

3, slight. 

0 . 


0 . 

0 . 

0 . 

2 (1 slight). 

5. 

6 . 

6 . 

5; 1, Penicillium. 

6 . 

5. 

5; 1 Penicillium. 

0 . 

6 . 

2; 1 rot plus bact. 
5; 1 contami¬ 

nated. 

6 . 

6 . 

3. 

5; 1 contami¬ 

nated. 


5. 

6 . 

6 . 

2, slight; 1, rot 
plus bact. 


o D=Delta, Colo.; S=Stockton, Calif.; T=Texas; W—Walla Walla, Wash. 

B=bulb with roots intact; (B)=bulb with roots entirely destroyed by decay; R-root from rotted 
bulb; (R)=pink roots from bulbs without bulb rot. 

« “ Plus bact.bacteria present in addition to Fusarium. 
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Table 4. —Summary of inoculation experimenU of wounded Continued 


Culture 

No. 

Locality 
from which 
bulb was 
obtained 

Region of bulb from 
which isolation 
was made 

Group to which culture 
belongs 

Number 
ofinoeu- 
lations 

N umber of takes 


w 


Elegans... 

h 

(5. 


W 

(B) ... 

_do_ _ 

fi 

<5. 

144* « 

W 

(R) . 

Marticllsi... 

() 

0. 


W 

(B). 

.....do... 

f) 

2, slight. 

(1. 


W 

(B) . 

Elegans.. 

(i 

]443 

w 

B. 

__do... 

fi 

('). 

I44.'i-h 

w 

(B) . 

_do____ 

(> 

5. 

144Jt-H 

w 

(B).. 

.do. 

(5 


I44fi-h 

w 

(B).-. 

.do.... 

r> 

natod. 

6. 

l447-a, 

D 

(B) . 


ft 

5. 

1447-0 

D _ 

(B) .. 

Martiolla. 

0 

0. 

144H-^ 

D 

(B) . 

Elegans.. 

6 

6. 

l44Q-r» 

I) 

(B).— 

_do __ _ _ 

r> 

4. 

I461-h 

W , 

(B . 

_ do . 

6 

6. 

1452-b 

w . . 

b:. .. 

. do ... 

6 

0. 

1452-0 

w. 

B . 

. do. .. 

6 

4; 2, contami¬ 
nated. 

1, rot plus bact. 

5. 

1456-a 

w .. 

(B) .- . . 

Martiolla . 

f) 

1457-a- - 

w . 

B ... 

Elegans.- .... 

6 

1457-ax _ 

w. 

(B) . 

. do ... 

0 

i). 

1458-d. 

w. 

B... .--.. 

. do .. 

n 

4. 

1460-d- , _ 

w. 

(B) . 

. do . 

fi 

5. 

1461-a- 

w .1 

B . 

. do ... 

() 

5. 

](.. 

w. 

B . 

. do . 

u 

4. 

l472-ax _ 

w. 

B . 

. do ... 

() 

f5. 

1473~a. 

W.' 

(B) . 

. do .- 

0 

4. 

1473-d. - 

w. 

m:: . : . : 

_ do .. 

(1 

(5. 

1474-b. 

w. 

B.. . 

. do . 

f» 

4. 

1476-a . 

w. 

R. 

_ do .-. 


5. 

1488 . i 

D . 

B . 

. do . 

0 

Cl. 

1492 . 

D. 

B . 

. do . 

8 

2; 2, rot plus bact 
2; 2, rot plus bact 
6. 

1494 . 

D . 

B . 

_ do . 

6 

1494-x. ... 

D . 

B . 

_ do. 

0 

1496-a . 

D . 

B . 

Martiella .. 

6 

3 (2slights). 

4 (2 con.) . 

1496-b . 

D . 

B . 

Elegans . 

C 







It should be noted that with but one exception (1475~a, which 
belongs to section Blegans) strains isolated from the roots did not 
produce bulb rot. Additional work with other cultures not listed in 
the table indicates that, with few exceptions, the organisms occurring 
on roots {10) are not pathogenic to bulbs. It is significant in this con¬ 
nection that inoculation of bulbs with F. malli) Taub., which is 
reported to be the cause of pink root {11), proved negative (Tables 1 
and 6.) 

VARIETAL SUSCEPTIBILITY 

No difference in susceptibility in red, white, and yellow onion 
varieties was noted, as indicated by Tables 1 and 5 and Figure 4. 


Table 5. —Summary of inoculations of different varieties of onions 


Culture 

Red 

y ellow 

White 

Number 

tested 

Number 

decayed 

Number 

tested 

Number 

decayed 

Number 

tested 

Number 

decayed 

1496-a (section Martiella). 

1 

0 

1 

0 

1 

0 

1404-a (section Elegans). 

1 

0 

1 

0 

1 

0 

1490 (F. zonatum forma 1). 

3 

(“) 

2 

2 

2 

2 

1456-c (F, zonatum forma 2). 

3 

3 

2 

2 

2 

2 

1626-b (F. oxysporum). 

3 

0 

2 

0 

2 

0 

1440-c (F. cepae emend). 

3 

2 

2 

2 

2 

(*•) 

1465-d (F. hulbigenum). 

3 

0 

2 

0 

2 

(0 

1495 <F. martii var. minus). 

3 

0 

2 

0 

2 

0 

1624-b' (F. moniliforme)... 



2 

0 

2 

0 

1324 (F. vasinfeetum)... 



2 

0 

2 ' 

0 

1407 (section Martiella). 



2 

0 

2 

0 

Control. 

2 

0 

3 

0 

2 

0 


c 1? (in dead tissue). 


3 (1 slight). 


b 2(1 slight). 
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IDENTITY" OP THE PATHOGENES 

A study of cultures shows that with the exception of 840-b, 1624-b', 
and 1322, which belong to section Liseola, all of the pathogenic 
forms fall into section Elegans {IS). It also shows, however, that by 
no means all species of Elegans isolated from onions are pathogenic. 

In their early grouping the writers found a considerable number of 
organisms which developed an abundant pionnotes. Of these cul¬ 
tures 1490 and 1491 from Delta, Colo., and 1459-b, 1451-c, and 
1430~a from Walla Walla, Wash., were found to be identical. Cul¬ 
ture 1490 was selected for study in determining this species. It was 
identified by the writers as F. zonatum (Sherb.) Wollenw'eber (lo). It 
was also compared with a culture furnished by Walker and Tims which 
they had described as F. cepae (Hanzawa) emend. Walker and 
Tims {12). The writers^ culture 1490 seemed identical not onl^^ with 
F. zonatum but also with F. cepae furnished them by Walker and 
Tims. At the Fusarium conference it was decided that the organism 
described by Walker and Tims as F. cepae emend. Walker et Tims {12) 
is F. zonatum forma 1 and that 1490 is identical with it. 

The description of 1490 follows. 

Strain 1490— Fusarium Zonatum (Sherb.) Wr. Forma 1 

Mycelium typically scant, when present fine fluffy white to grayish 
white. 

Substratum typically light buff to pale ochraceous buff, rarely on very acid 
media in dim light from vinaceous fawn to russet vinaceous (the deep colors 
described by Walker and Tims (f^, p. 684) for their strain were never obtained 
with 1490); no sclerotia but small warm sepia to warm blackish brown pleeten- 
chymatic cushions on steamed rice; color on rice from cream white to salmon 
buff or salmon color; slight lilac odor on rice; chlamydospores (fig 6, B) abundant 
in spores and mycelium, terminal and intercalary, solitary, in chains, and in 
clusters, smooth to echinate; microconidia (fig. b, A) usually not numerous, 
scattered in aerial mycelium or present in sporodochia or pionnotes, ellipsoidal 
to ovoid or slightly dosiventral, mostly 0-septate 7.8 by 2.1ix average (5 to 11.6 
by 1.6 to 4.15ai), some 1-septate 13.2 by 2.7 average (8 to 18.2 by 1.6 to 3.32/z); 
macrospores (fig. 6, A and B) sickle-shaped, pedicellate, slightly constricted at 
apex, borne on irregularly branched sporophores, scattered or in sporodochia 
and pionnotes; pionnotes"tj^pically present, salmon buff to ochraceous salmon; 
macroconidia 3 to 5-septa"te, predominately 3-septate 37.1 by 3.8At average 
(27.2 to 46.5 by 2.8 to 4.56ai); 4-septate 41.5 by 3.92m average (34.4 to 50 by 
A2 to 4.56m); 5-separate 43.4 by 4m average (37 to 49.8 by 3.32 to 4.56m). 

Zonation marked on some media. 

Habitat: On decaying bulbs of onion {Allium cepa L.), Delta, Colorado. 

Measurements ^ of spores on different media ® are as follows (num¬ 
bers in parentheses after averages indicate number of spores meas¬ 
ured. At least five fields were counted for percentages): 

On potato-dextrose-agar ^ tube, culture 35 days old, conidia from pionnotes: 

5- septate, 8 per cent, 41.8 by 4.2m average (5), 37 to 45 by 4 to 4.5m. 

4-septate, 38 per cent, 41.4 by 4.1m average (10), 39 to 43 by 4 to 4.5m. 

3- septate, 54 per cent, 38.7 by 4.1 m average (10), 37 to 41 by 4 to 4.5 m. 

On oatmeal-agar tube, culture 26"days old, conidia from pionnotes: 

6- septate, 2.8 per cent, 45.5 by 4m average (5), 43 to 48 by 3.32 to 4.15m. 

4- septate, 6.7 per cent, 43.5 by 4.1 m average (10), 38.2 to 50 by 3.32 to 4.5m 

3-septate, 49.6 per cent, 41.5 by 4 m average (15), 34 to 45 by 3.32 to 4.5 m. 

2-septate, 2.5 per cent. 

1-septate, 1.5 per cent, 14.3 by 2.9m average (3), 10 to 18.2 by 2.5 to 3.32m. 

0-septate, 36.9 per cent, 8.8 by 2.7m average (10), 5 to 11.6 by 1.7 to 3.32m. 

3 Only normal spores were measured. For criteria of the norm see (£>, U, 17). 

6 The formulae followed for making media are those used at the Fusarium conference {17) or those given 
by Sherbakoff {9). 

7 All potato-dextrose agar, unless otherwise stated, is 2 per cent dextrose and 2 per cent agar. 

22539—26-1 



942 


Journal of Agricultural Research 


Vol. 33, No. 10 


On oatmeal-agar plate, culture 36 days old, conidia from pionuotes: 

t^eotate 15^/pL'cent, 38.4 by 3.4 m average (5), 34.4 to 40 by 3.2 to 3.6 m. 

3- septate’ 80.2 per cent, 36 by 3.4iu, average (11), 27.2 to 43.2 by 2.8 to 3.6 m. 

Chlann-dospore” 6^5^by 6.7 m average (4), 5.6 to 8 by 4.8 to 8m. 

On potato-tuber plug, culture 18 days old, comdia from sporodochium: 

5-septate, 0.5 per cent, 38.3 by 3.7 m average (4), 37 to 38.8 by 3 ./m. 

4- “«!eDtate 3.7 per cent, 3b.o by 3.7 m average (8), 35 to 38.8 b\ 3.7 m 
3-septate’ 87.5 per cent, 33.3 by 3-6 m average (22), 27.8 to 40.7 by 1.9 to 3.7 m. 
2-septate, 0.3 per cent. 

1-septate, 6.7 per cent. 

0-septate, 1.3 per cent. 



Fig. 6.—Spores of 1490, Fusarium zonatum (Sherb.) Wr.formal: A, spores from sporo- 
doebium on 35*day-old rice culture; B, macrospores and chlamydospores from pion- 
notes on 35-day-old potato-agar tube culture. Camera lucida drawings. All X 1,000 


On potato-tuber plug, culture 37 days old, conidia from sporodochium; 

5-septate, 1.2 per cent, 45 by 3.*7m average (2), 44 to 46.5 by 3.32 to 4.15m. 
4-septate, 23 per cent, 42.7 by 3,9m average (10), 36.5 to 46.5 by 3.32 to 
4.15m. 

3- septate, 73,2 per cent, 36.5 by 4 m average (20), 30 to 46.5 by 3.32 to 

4.15m. 

^ l-septate, 1.2 per cent, 12.9 by 2.9m average (7), 10 to 15.8 by 2.5 to 3.32m. 

0-septate, 1.4 per cent, 7 by 2.9m average (10), 5 to 8.3 by l5 to 4.15m. 

On Melilotus stems, culture 26 days old, conidia from pionnotes: 

4- septate, 1.5 per cent, 38.4 by 3.8m average (2), 36.8 to 40 by 3.6 to 4m. 
3-septate, 64.5 per cent, 32.5 by 3.5m average (10), 29 to 36 by 3.2 to 4m. 
;|-^ptate, 1.5 per cent, 12.8 by 2m average (4), 8 to 16 by 1.6 to 2m. 
estate, 32.5 per cent, 8.5 by 2.1m average (3), 8 to 9.6 by 1,6 to 2.8m. 
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On onion-agar tubes, culture 21 days old, conidia from pionnotes: 

6-septate, 0.6 per cent. 

6-septate, 1.5 per cent, 45.5 by 4.2^ average (7), 41.5 to 49.8 bv 4.15 to 
4.56At. 

4- septatc, 10.6 per cent, 43.5 by 4 m average (15), 40 to 48 bv 3.32 to 4.56|U. 

3- septate, 34 per cent, 41.6 by 4 m average (20), 38.2 to’46.5 bv 3.32 to 
4.5/x. 

Small 3-septate, 34 per cent, 27.5 by 3.5]^ average (7), 25 to 31.5 by 2.9 to 
4.15/a. 

2- septate, 0.2 per cent, 16.6 by 3.32/a average (1). 

1- septate, 2.4 per cent, 13.3 by 2.9/a average (5), 11.6 to 15 bv 2.5 to 3.32/a. 

0-septate, 50.7 per cent, 7.6 by 2.8/a average (11), 5 to 10 by *^1.7 to 4.15/a. 

On steamed rice, culture 35 days old, conidia from old sporodochium: 

5- septate, 1 per cent. 

4- septate, 12 per cent, 40.5 by 4/a average (2), 38 to 43 by 4/a. 

3- septate, 67 per cent, 35.6 by 3.82/a average (10), 33 to 38 by 3.5 to 4/a (30 
by 3.5/a). 

2- septate, 1 per cent. 

1- septate, 7 per cent. 

0-septate, 12 per cent. 

On 20 per cent dextrose-agar plate, culture 40 days old, conidia from pionnotes: 

4- septate, 2.9 per cent. 

3- septate, 12.8 per cent. 

2- septate, 3.1 per cent. 

1- septate, 0.7 per cent. 

0-septate, 80.5 per cent. 

Average of all media: 

5- septate, 43.4 by 4/a average (23), 37 to 49,8/a by 3.32 to 4.56/a. 

4- septate, 41.5 by 3.92/a average (62), 34.4 to 50 by 3.2 to 4.56/a. 

3- septate, 37.1 by 3.8/x average (118), 27.2 to 46.5 "by 2.8 to 4.56/a. 

Small 3-septate, 27.5 by 3.5/a average (7), 25 to 31.5"by 2.9 to 4.15/*. 

2- septate, 16.6 by 3.32/* average (1). 

1-septate, 13.2 by 2.7/* average (19), 8 to 18.2 by 1.6 to 3.32/*. , 

0-septate, 7.8 by"2.7/A average (34), 5 to 11.6 by" 1.6 to 4.15/a. 

Chlamydosporcs, 6.5 by 6.7/a average (4), 5.6 to 8 by 4.8 to 8/*. 

One culture of the pionnotes group, 1440~c (from Walla Walla), 
which is pathogenic, differed from all the others. It seemed to be 
close to Fusarium sclerotioides*^SheTh. and F. aurantiacum (Link, 
Sacc.). The description of F. sclerotioides more fully fits the organism 
because of the reference to hyphal knots and wartlike plectenchyma 
bodies (.9, p, 215), At the conference mentioned above it was 
agreed that F. sderotiodes was F, aurantiacum, but that the writers’ 
1440-c differed so much from F, aurantiacum that it should be con¬ 
sidered a different species. In view of the fact that the name 
F'. cepae had been used and the meager description given by Hanzawa 
(5) WHS not at variance with that of 1440~c, except for the greater 
diameter of spores (4.5 to 6.3/i given by Hanzawa), it was decided 
that 1440-c should be described as F. Hanzawa emend. Han- 
zawa’s figures show abnormal, swollen conidia, and it is likely that 
he used these for his measurements. Wollenweber in his discussion 
of Fusarium in Sorauer’s ^fHandbuch” {16, p: 173) has called attention 
to this possibility. 

The morphological and cultural characters of the organism have 
been determined on various media and are given below, 

Fusarium Cepae Hanz. Emended 

Fine, fluffy white aerial mycelium, sometimes Botrytis green at base of slant 
or on agar rich in dextrose; Artemisia green plectenchyma on potato-tuber 
plugs; substratum usually colorless but on agar very rich in dextrose (20 per 
cent) dark vinaceous purple; color on steamed rice salmon buff to light salmon 
orange; sclerotia on potato-tuber plugs and agar, one-half millimeter in diam- 
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eter, dark dull vellowgreen to duck green; loose hyphal knots to irregular plecten- 
chymatic bodies 1 to 2 millimeters in diameter, white to pale salmon buff, some¬ 
times present in plate cultures. These may bear sporodochia; Chlamydospores 
(fig. 7, A, c, dy By and E, h) abundant in mycelium and conidia, terminal and 
intercalary, unicellular (6.4 by 6.4m) to two celled, solitary, in chains, or in 
groups, smooth to echinate; microconidia (fig. 7, A a, B, E, a), borne scattered 
and in false heads on the aerial mycelium, also present in sporodochia and pion- 
notes, ellipsoidal to ovoid or slightly dorsiventral, mostly unicellular, 6 to 9 (13) 
by 2 to 3.25m (7.5 by 2.7m average), rarely 1-septate, 11.5 to 17 (20) by 2 to 3m 
(i2.7 by 2.75m average); Aurantiaeumlike macroconidia (fig. 7, A, C, D, E) borne 
on irregularly branched conidiophores, scattered or in sporodochia or pionnotes, 
light vinacebus cinnamon to ochraceous salmon, sickle-shaped, pedicellate, 
slightly constricted at apex, 3 to 5 septate (rarely 2 to 6), predominately 3-septate 
25 to 46 by 3 to 4.5m (35.7 by 3.8m average), on some media producing in addition 
small 3-septate spores, 22.5 to 28 by 2 to 3m (25.7 by 2.7m average); 2-septate 16.5 
to 17.6 by 2 to 3m (17.4 by 2.8m average); 4-septate, 32 to 51 by 3 to 5m (40.9 by 
3.7m average); 5-septate, 38 to 53 by 2.7 to 5m (44.4 by 3.9m average); 6-septate, 
46.8 to 55 by 2.5 to 3.7m (52.4 by 3.3m average). 

Differs from F. aurantiacum by the abundance of the chlamydospores in 
mycelium and conidia, by absence of red color on rice, and presence of slight 
lilac odor on steamed rice. 

Habitat: On decaying bulbs of onion {Allium cepa L.) Walla Walla, Wash¬ 
ington. 

LATIN DESCRIPTION 


Aerio mycelio subtile, ex albo, interdum “Botrytis green” ad radicem tubi 
agaris vel in Solani tuherosi agare pergliicoso; stromate plectenchymico ‘^Arte¬ 
misia green” in tuberibus Solani tuherosi; substrate plerumque hyalino, sed 
“dark \inaceous purple” in Solani tuherosi perglucoso (20%); colore in Oryza 
cocta ‘‘salmon buff” vel ‘Tight salmon orange”; sclerotiis in tuberibus et agare 
Solani tuherosi (1-2 mm, diam.) “dark dull yellow green” vel “duck green”; 
laxis nodis in hyphalibus apicibus vel enormibus plectenchymis corporibus 
(1-2 mm. diam.), albido vel “pale salmon buff,” interdum in culturis in Petri 
patina, interdum sporodochia ferentibus; chlamydosporis (fig. 7, A, c, d, e, and E, b) 



in sporodochiis vel in piomiote, eUipsoideo-ovoideis vel vix dorsiventralibus, 
plerumque continuis 6 to 9 (13) by 2 to 3.25m (7.5 by 2.7m average); rarius 
1-sept^is, 11^ to 17 (20) by 2 to 3m (12.7 to 2.75m average); macroconidiis (fig. 
/, A, O, D, E) similibus F. aurantiaco ad conidiophoros irregulariter ramosos 
dispositis, aerio mycelio instratis, vel in sporodochiis et in pionnote, “light 
vinaceous cinnamon” vel “ochraceous salmon,” falcatis, pedicellatis, apice 
leviter constncto, 3 to 5 septate (raro 2 to 6 septate); plerumque 3 septate 25 to 46 
' ?^ average); in aliquis mediis quoque minoribus 3 septate 

cornels 22.5 to 28 by 2 to 3m (25.7 by 2.7m average); 2 septate 16.5 to 17.6 by 
2 to 3m (17.4 by 2.8m average); 4 septate 32 to 51 by 3 to 5m (40.9 by 3.7m average); 
5 septate 38 to 53 by 2.7 to 5m (44.4 by 3.9m average); 6 septate, 46.8 to 55 by 
2.5 to 3.7m (52.4 by 3.3m average). 

^ A F, aurantiaco (Lk.) Sacc. emend. Wr. differt abundantiis chlamydosporiis 
in mycelio^ et conicfiis, nullo carmineo colore in Oryza cocta, et praesentia parvi 
odons Synngae in Oryza cocta. » 

HahUcU: In bulbis putridis Allii cepae L., Walla Walla, Washington. 

Measurements of spores on different media are as follows: 

On jwtato-dextrose agar tube, culture 31 days old, conidia from sporodochium; 

3- swtate, 74 per cent, 33.3 by 4ja average (10), 31 to 38 by 3.5 to 4.5u 

oy 4). 

1-septate, 1 per cent, 17 by 2.5m average (1). 

0-septate, 25 per cent. 

On imtat^extrose agar tube, culture 75 days old, conidia from pionnotes: 
5-€eptate, 2 per cent. ^ 

4- septate, 12 per cent. 

3-septate, 57 per cent. 

1-septate, 3 per cent. 

0Hsepfeate, 26 per cent. 
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Fig, 7.—Spores of 1440*^, Fusarium cepae Hanzawa emended 


A. —From pionnotes on oatmeal-agar culture 5 days old: a, microspores; &, macrospores; c, echinate inter¬ 
calary chlamydospore from mycelium; d, chlamydospore in conidium; smooth terminal ehlamydo- 
spore from mycelium 

B. —Microconidia from 32-day-old steamed rice culture 

C. —Types of macroconidia from thin submerged pionnotes on 32-day-old potato-tuber plug culture 

D. —Conidia from sporodochium (1 mm. diameter) above the mycelium on a 32-day-oId Melilotus stem 
culture 

E. -—Conidia from sporodochium on potato-agar tube culture 31 days old: a, microspore; 6, chlamydo¬ 
spore in macrospore; e, macrospores 

Camera lucida drawings. All X 1,000 
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Ou oatmeal-agar tube, culture 26 days old, conidia from sporodochium: 

5-septate, 8 per cent, 47.3 by 3.93/t average (6), 46.5 to 49.8 by 3.32 to 

4- stptate, 33 per cent, 43.3 by 3.93^1 average (10), 39.8 to 51.5 by 3.32 to 

3- i’ptate, 48 per cent, 40.5 by 3.98g average (10), 36.6 to 43.2 by 3.32 to 

2- septate, 1 per cent, 17.6 by 3.15m average (3), 16.6 to 18.3 by 2.9 to 3.32m. 

1-septate, 0.5 per cent, 11.5 by 3.00m average (5), 10 to 13.3 by 2.5 to 3.32m. 
0-septate, 9.5 per cent, 7.5 by 2.65m average (10), 5 to 11.6 by 1.66 to 3.32m. 

On oatmeal-agar plate, culture 5 days old, conidia from pionnotes: 

5- septate, 6 per cent. 

4- sept ate, 19 per cent. 

3- septate, 74 per cent, 38 by 3.75m average (10), 32.5 to 44 by 3 to 4.5m. 

1-septate, 1 per cent, 14 by 2.75m (!)• 

0-septate, 13.5 bv 3.25m average (2), 9 to 18 by 3 to 3.5m. 

On potato-tuber plug, culture 15 days old, conidia from sporodochium: 
7-septate, very rare, 46.8 by 3.9m (1). 

6- septate, verv rare, 53.7 by 3.7m average (2), 51.8 to 55 by 3.7m. 

5- septate, 15 per cent, 41.7 by 2.72m average (8), 38.8 to 46.8 by 3.7 to 3.9m. 

4- septate, 24 per cent, 40 by 3.8m average (13), 33.3 to 46.3 by 3.3 to 3.7m. 

3- septate, 59 per cent, 35.8 by 3.8m average (33), 31.2 to 42.9 by 3.7m. 
0-septate, 2 per cent. 

On potato-tuber plug, culture 32 days old, conidia from thin submerged pion¬ 
notes : 

6- septate, 2 per cent, 54 by 2.75m average (2), 53 to 55 by 2.5 to 3 m. 

5- septate, 6 per cent, 47.5'^by 3.25m average (2), 47 to 48 by 3 to 3.5m. 

4- septate, 10 per cent, 41 by 3.75m average (2), 40 to 42 by 3.5 to 4m. 

3- septate, 79 per cent, 33.2 by 3.8m average (10), 28 to 37 by 3.5 to 4.5m. 
1-septate, 1 per cent. 

0-septate, 2 per cent. 

On potato-tuber plug, culture 37 days old, conidia from sporodochium: 

5- septate, 10 per cent, 40 by 4.2m average (10), 38.2 to 53.1 by 4.15 to 4.56m. 

4- septate, 32 per cent, 38.8 bv 4.1m average. (10), 34.9 to 43.2 bv 3.32 to 
4.15m. 

3-septate, 47 per cent, 36.2 by 3.98m average (10), 32.2 to 38.2 bv 3.32 to 
4.15m. 

1- septate, 3 per cent, 11.5 by 2.9m average (5), 8.3 to 14.9 by 2.5 to 3.32m. 
O-septate, 8 per cent, 7 by 2.7m average (10), 4.2 to 10.8 by 2.5 to 3.32m. 

On Melilotus stems, culture 26 days old, conidia from pionnotes: 

Thin pionnotes on drier upper part of the tube: 4-septate, 5 per cent; 

3-septate, 83 per cent; 0-septate, 12 per cent. 

Thick pionnotes at moist bottom of tube: 4-septate, 1 per cent; 3-scptatc, 
13 per cent; 1-septate, 2 per cent; 0-septate, 84 per cent. 

Small 3-septate, 32 by 2.7m average UO), 22.4 to 35.2 by 2.4 to 3 .(Jm. 

2- septate, 17.6 by 2m average (2), 17.6 by 2 to 2.4m. 

1- septate, 12.8 by 2m average (3), 11.2 to 14.4 by 2 to 2.4m. 

0-septate, 9.6 by 2 m average (2), 7.2 to 12.8 by i.6 to 2 m. 

Chlamydospores 6.4 by 6.4m average (3). 

On Melilotus stems, culture 32 days old, conidia from 1 millimeter sporodochium 
above the mycelium: 

3- septate, *24 per cent, 27.9 bv 4.1m average (10), 25 to 32 bv 3.5 to 4.5m 
(22 by 4). 

2- septate, rare. 

1- septate, 9 per cent, 20 by 3 m (1). 

0-septate, 67 per cent, 7.5 by 2.5m (1). 

On onion-agar tubes, culture 27 davs old, conidia from sporodochium: 

5- septate, 2 per cent, 49,8 by 4.15m average (10), 44.8 to 53.1 bv 3.32 to 4.98m. 

4- septate, 17 per cent, 44.3 by 4.1m average (10), 38.2 to 47.3 bv 3.32 to 
4.98m. 

3- septate, 68 per cent, 41.1 by 3.8m average (10), 33.2 to 46.4 bv 3.32 to 4.15m. 
Small 3-septate, 25.7 by 2,7m average (10), 23.2 to 28.2 by 2.5‘to 2.9m. 

2- septate, rare, 16.6 by 3,32m (1). ‘ 

1-septate, 2 per cent, 12.8 by 2.7m average (10), 8.3 to 19.9 bv 1.66 to 3.32m. 

6- septate, 11 per cent, 6.5 by 2.8m average (10), 5 to 10 by 2.5 to 3.32m. 


L 
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Oil cornmeal agar, culture 9 days old, conidia from very tliiu ]iioniiotes: 

Macroconidia 99 per cent. 

3- separate in majority. 

4- septate and 5-septate common. 

0 and 1 septate 1 per cent. 

Average of all media: 

6-septate, 52.4 by 3.3;u average (5), 46.8 to 55 by 2.5 to 3.7iu. 

5- septate, 44.4 by 3.9/x average (39), 38 to 53 by 2.7 to 5^. 

4-septate, 40.9 by Z.lix average (55), 32 to 51 by 3 to 5/u. 

3-septate, 35.7 by 3.8^ average (110), 25 to 46 bv 3 to 4.5At. 

Small 3-septate, 25.7 by 2.7 ai average (10), 22.5 to 28 by 2 to 3 m. 

2-septate, 17.4 by 2.8m average (6), 16.5 to 17.6 by 2 Io^Sm- 

1-septate, 12.7 by 2.75m average (26), 11.5 to 17 (20) bv 2 to 3m. 

0-septate, 7.5 by 2.7 m average (35), 6 to 9 (13) by 2 to‘3.25 m. 

Some of the other organisms of the original pionnotes group proved 
identical. These were 1456-c, 1458--a, 1443-b, 1475-d, and 1454~b, 
all from onions from Walla Walla, Wash. Culture 1456-c was used 
in identification and was found to be identical with 1490, F, zonatum 
forma 1, in every respect except that in place of the salmon to salmon 
buff it constantly developed a lavender to red color on certain media. 
It is described as F. zonatum (Sherb.) Wr. forma 2 (nova forma). 

The morphological and cultural characters of the organism were 
determined by cultures on various media and are as follows: 

F. J^ONATUM (Sherb.) Wr. Forma 2, nova forma 

Fine, fluffy white to purplish lilac mycelium, typically scant on most media; 
substratum on oatmeal agar plates dull Indian purple; no sclerotia but small 
(1/2 mm.) warm sepia to warm blackish brown plectenchymatic cushions present 
on steamed rice, these sometimes giving rise to spore masses; color on rice Acajou 
red to Indian lake with light vinaceous lilac to carmine mycelium at top; slight 
lilac odor on rice; chlamydospores (flg. 8, C, h) abundant in spores and mycelium, 
terminal and intercalary, unicellular to tvro celled, solitary, in chains or in groups, 
smooth to echinate; microconidia (fig. 8, E) scattered in aerial mycelium or present 
in sporodochia or pionnotes, 0-septate mostly 7.9 by 2.8m average (5 to 11.6 by 
1.7 to 4.56m), some 1-septate 14 by 3m average (8l3 to 18.3 by 1,7 to 4.56m); 
macrospores (fig. 8, A-E) borne on* irregularly branched sporophores (fig. 8, D) 
in sporodochia and pionnotes, vinaceous cinnamon to buff pink or light ochra- 
ceous salmon, sickle-shaped, pedicellate, slightly constricted at apex, 3- to 6- 
septate, predominately 3-septate, 38.5 by 3.7m average (^4 to 48 by 2.4 to 4.56m, 
on potato-tuber plugs an occasional small 3-septate spore (fig. 8, A, a) 19 by 2.8m 
average (16.6 to 25 by 2.5 to 3.32m); 2-septate rare, 18.1 by 3.2m average (15 to 
21.6 by 2.9 to 4.15m) ; 4-septate 39.9 by 3.8m average (31.5 to 53 by 3.2 to 4.56m); 
5-septate, 42.1 by 4.1m average (36.5"to 50 by 3.2 to 5m). Zonation sometimes 
marked on agar plates. 

Differs from Fusarium zonatum forma 1 by the constant red color on rice and 
the lilac mycelium and vinaceous cast present in spore masses. 

LATIN DESCRIPTION 

Aerio mycelio subtile, ex albo vel “purplish lilac,” plerumque exigiio; sporo- 
dochiis et pionnote; substrate in Avenae coctae agare “dull Indian purple,” 
in acida agare Solani tuherosi “light perilla purple”; sclerotiis nullis, sed parvis 

millimeter “warm sepia” vel “warm blackish brown” plectenchymicispulvinis 
in oryza cocta, interdum sporodochia ferentibus; colore in oryza cocta “Acajou 
red” vel “Indian lake” cum “light vinaceous lilac” vel “carmine” mycelio in 
apice; parvo odore Syringae in oryza cocta; chlamydosporiis (fig. 8, C h) lar^s 
inconidiis et mycelio, terminalibus aut intercalaribus, continuis, 1-septatis, 
singulis, catenulatis, aut acervalibus, levibus vel rugulosis; microconidiis (fig. 
8, E) aerio mycelio instratis, aut in sporodochiis vel in pionnote dispositis, 
ellipsoideo-ovoideis vel vix dorsiventralibus; plerumque continuis, 7.9 by 2.8m 
average (5 to 11.6 by 1.7 to 4.56m); 1-septate paucis 14 by 3 m average (8.3 to 
18.3 by 1.7 to 4.56m); macroconidiis (fig. 8 A-E) ad conidiophoros (fig. 8, D) 
irregulariter ramosos dispositis, liberis, in sporodochiis et in pionnote, “vinaceous 
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■, ” “huff rank” aut “light ochraceous salmon,” falcatis, pedicellatis, 

SSr consiS’ 3 to 6 septete; plerumqnp 3-septate 38.5 by 3.7m average 
/‘M +o hv 2 4 to 4 56ju) * la tuberibus Solani tubeiosi aliquando minonbus 
^iptatf coiid^ (fig 8,®l’o) 19 by 2.8m average (16.6 to 25 by 2.5 to 3.32^); 



Fig. 8.—Spores of 1456-c, Fmanum zonatum (Sherb.) Wr. forma 2, nova forma 

A, —Macrospores from dry sporodoehium on top of 37-day-old steamed rice culture; a, small 3-septate 
spore 

B, —Macrospores from pionnotes on 35-day-old potato-tuber plug culture 

C, —Macrospores from pionnotes on 35-day-old potato-agar tube culture: a, 3-septate spores; 6, 
CblamydcKpore in macroconidium; c, 5-septate spore; dj 4-septate spore 

D, —Sporophore from pionnotes on 13-day-old Melilotus stem culture 

E, —Microspores and macrospore from pionnotes on 13-day-old Melilotus stem culture 
Camera lueida drawings. All X 1,000 

taro 2-septate, IS.l by Z.2fi average (15 to 21.6 by 2.9 to 4.16m); 4-septate 39.9 
by 3.8m average (31.5 to 53 by 3.2 to 4.56m); 5 septate, 42.1 by 4.1m average 
(36.5 to 50 by 3.2 to 5 m) ; zonae interdum apertae in agare. 

A. F. forma differ! constante rubro colore in Oryza cocta^ ferme purpureo 

siibslrato, ^‘lilac” mycelio, et ^^vinaceous” colore in conidioruhi molibus. 
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Measurements of spores on different media are as follows: 

On potato-dextrose-agar tube, culture 35 days old, conidia from pionnotes- 
5-septate, 8 per cent,. 42.5 by 4.3m average (5), 41 to 43 by 4 to 4.5m 

4- septate, 37 per cent, 41 by 4m average.(lO), 38 to 43 bv 3.75 to 4.5m (23 by 3, 
45 by 4m). 

3- septate, 53 per cent, 40.1 by 4 m average (10), 36 to 43 by 3.75 to 4 m (48 
by 4). 

1- septate, 1 per cent. 

0-septate, 1 per cent. 

On potatQ-dextrose-agar tube, culture 90 days old, conidia from pionnotes: 
6“Septate, 2.7 per cent. 

5- septate, 18.7 per cent. 

4- septate, 27.0 per cent. 

3- septate, 47.9 per cent. 

0-septate, 3.7 per cent. 

On oatmeal-agar tube, culture 26 days old, conidia from pionnotes; 

4- septate, 4.7 per cent, 46.3 by 4.15/t average (10), 41.5 to 53 by 3.73 to 4.56/^. 

3- septate, 89.9 per cent, 43 by 3.7/< average (10), 40 to 45.6 by 3.32 to 4.15ju. 

2- septate, rare, 21.6 by 4.15 m (1). 

1- septate, 1.8 per cent, 20 by 3.32m (1). 

0-septate, 3,6 per cent, 8 by 2.7m average (5), 5 to 11.6 by 2.5 to 3.32m. 

On oatmeal-agar plate, culture 36 days old, conidia from pionnotes: 

5- septate, 5.4 per cent, 40 by 3.4m average (2), 40 by 3.2 to 3.6m. 

4- septate, 18.4 per cent, 37.8 by 3.2m average (3), 36.8 to 38.4 by 3.2m. 

3- septate, 61.6 per cent, 33.6 by 2.9m average (10), 32 to 36.8 by 2.4 to 3.6m. 
0-septate, 14.6 per cent. 

On potato-tuber plug, culture 18 days old, conidia from sporodochium: 

6- septate, 0.4 per cent. 

5- septate, 0.4 per cent, 39 by 3.7m average (2), 37 to 40.7 by 3.7m. 

4- septate, 0.4 per cent, 37.3 by 8.73m average (9), 33.3 to 42.5 by 3.7 to 4.16m. 

3- septate, 93 per cent, 34 by 3.7m average (15), 29.6 to 40.7 by 3.7 to 4.16m. 

2- septate, 0.4 per cent. 

1- septate, 1.4 per cent. 

0-septate, 4,0 per cent. 

On potato-tuber plug, culture 35 days old, conidia from pionnotes: 

4- septate, 6 per cent, 42 by 4 m (1). 

3- septate, 94 per cent, 37.3 by 3.5m average (3), 36 to 39 by 3.5m. 

On potato-tuber plug, culture 37 days old, conidia from sporodochium: 

6- septate, rare, 38.8 by 4.15m (1). 

5- septate, 15 per cent, 40 by 4m average (10), 36.5 to 45 by 3.32 to 4.15m. 

4- septate, 29.4 per cent, 38.6 by 4m average (10), 31.5 to 41.5 by 3.32 to 4.15m. 
3-septate, 24.5 per cent, 36.6 by 4m average (10), 33.2 to 41.5 by 3.32 to 4.15m. 
Small 3 septate, 6.9 per cent, 19 by 2.8m average (10), 16.6 to 25 by 2.5 to 3.32m. 

2- septate, 2.6 per cent, 17 by 2.9m average (3), 15 to 20 by 2.9m. 

1-septate, 5.2 per cent, 13.4 by 2.7m average (10), 8.3 to 16.6 by 1.7 to 3.32m. 
0-septate, 16.4 per cent, 7.5 by 2.8m average (10), 5.8 to 10 by 1.7 to 3.32m. 

On Melilotus stems, culture 26 days old, conidia from pionnotes: 

From thick pionnotes at moist bottom of tube: 3-septate, 38 per cent; 
0-septate, 62 per cent. 

From thin pionnotes on dry upper portion: 3-septate, 64.8 per cent; 2- 
septate, 2.3 per cent; 1-septate, 5.3 per cent; 0-septate, 27.6 per cent. 

3- septate, 39.3 by 3.2m average (10), 24 to 41.6 by 2,8 to 3.6m. 

1-septate, 16 by 2 m (1). 

Chlamydospore 6.4 by 6.4m (1). 

On onion-agar tube, culture 20 days old, conidia from pionnotes; 

5- septate, 6.5 per cent, 45 by 4.4m average (10), 41.5 to 50 by 3.7 to 5 m. 

4- septate, 20.4 per cent, 45.2 by 4.23m average (10), 41.5 to 50 by 3.32 to 
4.56m. 

3- septate, 66.1 per cent, 45.3 by 4.15m average (10), 41.5 to 48 by 3.32 to 
4.56m. 1-septate, 2 per cent, 13.7 by 3.32m average (10), 10 to 18.3 by 2.9 
to 4.56m. 0-septate, 5 per cent, 8.3 by 3m average (10), 5 to 11 by 2 to 4.56m. 

On steamed rice, culture 37 days old, conidia from dry sporodochium; 

4- septate, 3 per cent, 47.5 by 4.4m average (2), 47 to 48 by 4.25 to 4.5m. 
3-septate, 89 per cent, 39 by 3.73m average (15), 35 to 43 by 3.5 to 4.5m (30 

by 3.47 by 3.5)m. 

1-septate, 1 per cent. 

0-septate, 7 per cent. 
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On 20 per cent dextrotsc-agar plate, culture 50 days oltl, conidia troni pionnotes: 

4- .septate, 6.7 per cent. 

3- septate, 64.2 per cent. 

1- septate, 0.6 per cent. 

0-septate, 28.5 per cent. 

Average of all media: , 

6-septate, 39.8 by 4.15a average (1). 

5- septate, 42.1 by 4.1 m average (29 , 36.5 to oO by 3.^ to ofi, 

4- septate, 39.9 bv 3.8 m average (55), 31.5 to 53 by 3.2 to 4.obM. 

3-septate, 38.5 by 3.7m average (^ 3 ), % to 48 by 2.4 to 4.56 m. 

Small 3-septate, 19 by 2.8m average (10), 16.6 to 25 by 2.o to 3.32m. 

2- septate, 18.1'by 3.2m average (4), 15 to 21.6 by 2.9 to 4.15m. 

l-septate, 14 by 3m average (22), 8.3 to 18.3 by 1;7 to 4.56m. 

0-septate, 7.9 by 2.8m average (25), 5 to 11.6 by 1.7 to 4.o6m. 

Of the 10 cultures studied critically, 1324 (Delta, Colo.), 1626-b 
(Walla Walla, Wash.), 1455-d (W^alla Walla, Wash.), 1495 (Delta, 
Colo.), and 1407 (Stockton, Calif.) were found nonpathogemc. 
No. 1324 is F, vasinfectum Atk., 1626-b is F. oxysporum (Schlocht,) 
Wr., 1455-d is F, hulbigenum Cke. et Mass., 1495 is F, martii, Appel 
et Wr. var. minus Sherb., and 1407 may be F, malli Tauben. No 
positive diagnosis has yet been made of 1407 which belongs, to 
group Martiella because the fungus has consistently refused to 
produce macrospores. Cultures 840—b and 1624~b' are F. monili-- 
forme Sheld. and are pathogenic sometimes. (See Table 4.) 

During the course' of the identification of the organisms nine 
authentic cultures were obtained through the courtesy of H. W. 
Wollenweber. These and 15 additional authentic cultures were 
used in inoculation work with the results shown in Table 6. 

Fusarium cepae rots bulbs, whereas inoculations with cultures of 
F. aurantiacum and F, sclerotioides proved negative; this table and 
Table 4 indicate that the Fusaria which cause bulb rot are specialized 
pathogenes. Other members of the form genus Fusarium which 
occur commonly in the soil, or which occur oii rotted bulbs in asso¬ 
ciation with bacteria or the true pathogenes, fail to produce rot 
under experimental conditions. 


Table 6.— Inoculation with authentic Fusarimn cultm-es 


Culture No, 

Name of organism 

Where 

obtained" 

Number 
of inocu¬ 
lations 

1592. 

F. batatatis__ _... .. . . .. 

8 

, 3 

1.525. 

F. coeruleum... 

8 

3 

1594.__. 

F. ftongliitinan.s .... 

J 


1523.. 

F, discolor. ... 

S 


1506. 

P. eumartii... 

S 

3 

1611.. 

F. hyperoxysporum.*. . 

H 

;i 

1,593. 

P. hyperoxysporum... 

H 

;i 

1533. 

F. hypero.xS’’sporum_. 

H 

3 

1,518. 

P, lycbpersici. | 

S 

3 

1505. 

F. oxysporum... 

S 

3 

150??.... 

: F, radieicola.. . . . _ 

s 

5 

1534.^ 

‘ F. solani. .. 

s 

3 

1520. 

1 P. suinhureum__ ... 

s 

3 

1522. 

! F. vasinfectum. _ _ . . . 

s 

3 

1628. 

! F. redolens.'...... _ _ 

“W 

2 

1629... 

, P. orthoceros. 

w 

2 

1630. 

F. asclerotium.. _ 

w 

2 

16.31.. 

F. sclerotioides_____ 

w 

2 

1632. 

F, zonatum.. 

■\v 

4 

1633. 

F. euoxysporum... 

w 

2 

1634. 

F. hulbigenum.. . 

w 

2 

im . 

F. aurantiacum. 

w 

2 

1636. 

F. orthoo^ius var. longius_ 

w 

2 

im . 

F. maRi. 

N 

5 





Number 
of bulbs 
decayed 


0 

0 

0 

0 


b 


J, Helen Johann; N, A. G. Newhall at Cornell; S, Michael Shapovalov; W, H. W 
* mm but not typical rot. « Rot+bacteria.' 
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Fusaria Causing Bulb Rot of Onions 


SUMMARY 

A bxilb rot of onions caused by Fusarium species occurs widely in 
the field and after harvest in transit and in storage. 

Red, yellow, and white varieties are equally susceptible. Decay 
was readily produced when bulbs were inoculated in wounds. 

The Fusaria which cause onion bulb rot apparently are special¬ 
ized pathogenes attacking only Allium species. 

Several species of Fusarium were found to cause identical symp¬ 
toms. Most of these species belong to section Elegans. In this 
paper are described F. zonatum (Sherb.) Wr. forma 2, nova forma 
and F, cepae (Hanzawa) emend, (non F. cepae (Hanzawa) emend. 
Walker and Tims). Another species of this section which is always 
pathogenic is F. zonatum (Sherb.) Wr. forma 1. 

Fusarium lulbigenum Cke. et Mass, of section Elegans is not 
consistently pathogenic. F. oxysporum (Schlecht.) Wr. and F. 
vasinfectum Atk. are not pathogenic. 

Fusarium 7noniliformeS]ield, of section Liseola is pathogenic at times. 
Not all Fusaria isolated from decaying bulbs are pathogenic in 
pure culture. Some of them cause symptoms similar to bulb rot 
when in association with bacteria. Most of these belong to section 
Elegans and to section Martiella. Some belong to sections Dis¬ 
color and Liseola. 
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THE ALTERNATE HOSTS OF CROWN RUST, PUCCINIA 
CORONATA CORDA‘ 

, By S. M. Dietz ^ 

Assistant Pathologist, Office of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

As has been shown previously (9, 4), ^ many species of the genus 
Rhamnus are susceptible to crown rust (Puccinia coronata Corda) 
and play an important r61e in the dissemination of this disease in 
America. The universal presence of the uredinial stage of this rust 
in certain regions where no Rhamnus is found or only resistant 
species occur led the writer to a further study of the range of the 
aecial hosts of this fungus. 

European investigators have been interested in the alternate hosts 
of crown rust since 1866 when De Bary (S) discovered that Rhamnus 
cafhartica L, harbored the aecial stage. An earlier resum4 (9) of the 
literature on the alternate hosts of Puccinia coronata and their 
ability to spread rust in the open (4) makes unnecessary a review 
in this paper. 

The reaction of 16 species and 1 variety of Rhamnus to crown 
rust, the testing of 4 genera other than Rhamnus, and the determi¬ 
nation of the r61e of E, cafhartica L. and R. lanceolata Pursh. in initi¬ 
ating local and general epidemics of Puccinia coronata in the upper 
Mississippi Valley are considered in this paper. 

MATE3RIALS AND METHODS 

During the past six years studies have been made in the green¬ 
house and laboratories of the Iowa Agricultural Experiment Station 
at Ames, Iowa, to determine the reaction of 16 species and 1 variety 
of Rhamnus, and 5 species of 4 other genera, to crown rust. Suc¬ 
culent young leaves were inoculated with germinating teliospores 
from Arena sativa L., Calamagrostis canadensis (Michx.) Beauv., C. 
purpurascens R. Br., Festuca elatior L., and Nofholcus lanatus (L.) 
Nash. (Holcus lanatus L.). The species of Rhamnus and other 
genera were exposed to infection by placing them in a moist chamber 
with teliospore-laden straw. The plants, straw, and sides of the 
chamber were then wet by a fine spray. In cases where scant spore 
material was available, the spores were germinated on the straw in 
Petri dishes as described by Melhus and Durrell (5). Later, the 
sporidia were washed off and sprayed onto the plants with an atom¬ 
izer. If the chamber showed signs of becoming dry before the close 
of the incubation period, it was opened and sprayed again. This 


1 Received for publication June 1, 1926; issued December, 1926. The investigations herein reported 
were conducted by the Office of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Depart¬ 
ment of Agriculture, in cooperation with the section of plant pathology of the Iowa Agricultural 
Experiment Station. 

2 The writer wishes to express to I. E. Melhus, J. C. Gilman, and H. B. Humphrey his appreciation for 
much assistance in the preparation of the manuscript, and to the last named also his thanks for the collec¬ 
tion of the field data on Rhamnus frangula L. 

3 Reference is made by number (italic) to “Literature cited.” p. 969. 
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method successfully induced infection. At the end of two days the 
plants were removed to the greenhouse bench, where they were 
observed for the appearance of rust. 

SOURCE AND CARE OF ALTERNATE HOSTS 

Five additional native and two European species of Rhamnus have 
become available for alternate-host studies since 1922. Species of 
Ceanothus, Berchemia, and Zizyphus, of the family Rhamnaceae, 
together with two species of Lepargyrea, of the family Eleagnaceae, 
have been studied to determine their reaction to germinating telio- 
spores of Puccinia coronata. 

Rhamnus ddhurica Pallas is a cultivated shrub indigenous to the 
territory between India and northern Asia. Its bark is used in the 
manufactm'e of Chinese green indigo. Because of its extreme 
hardiness, this shrub is becoming common for landscaping in certain 
sections of America where the winters are severe. The material 
used here was growm from seed collected on the campus at Ames, 
Iowa. 

Rhamnm ilicifolia Kellogg is native to southern and middle 
California, and is especially abundant on Angel Island, in San 
Francisco Bay, where it often reaches a height of 10 to 12 feet. It is 
very similar to R. croceaj but differs from the latter in its arboreous 
habit, gray bark, and larger leaves and fruit. This material was 
obtained in California. 

Rhamnus nevadensis Nelson is indigenous to Nevada. It is very 
similar to i?. californica Esch., but has noncoriaceoiis leaves and short 
calyx lobes. It seems much hardier under Iowa conditions. The 
one plant available in this investigation was found in Nevada. 

Rhamnus pachyphylla Heller, native to California, has a limited 
distribution. Its leaf is thick and leathery with an entire margin. 
R, pinetorum Heller also has a rather limited distribution in California. 

Rhamnus rubra Greene is listed by Trelease (14) as a variety of 
R. calif ornica. Greene (6\ p. 160), however, thinks it a good species, 
since its seeds are only half as large as those of R. calif ornica and also 
are decidedly narrowed at the base. The plants used in these 
experiments had bark of a deeper red than those of R. californica. 
This species is common in California, especially in Butte County 
between Upper Soda Springs and Shasta Retreat. The writer is 
indebted to A. A. Heller for the collection of R. pacliyphyUa, R. 
pinetorum, and R. calif ornica. 

Rhamnus tinctoria Waldst. and Kit. is native to Europe and Asia 
Minor, where it is used in the manufacture of dye. 

Berchemia scandens (Hill) Trel. is a climbing plant growing in damp 
soils from Virginia to Missouri and southward. The stems are tough 
and lithe, hence the popular name, supple-jack. This material was 
collected in southern Alabama. 

Ceanothus americanus L., commonly called New Jersey tea, grows 
in dry woodlands, along gravelly shores and sandy knolls, from central 
Maine to western Ontario and southward through Iowa. The 
material employed in these studies was collected 3 miles north of 
Ames, Iowa, on virgin prairie land. 

Lepargyrea argentea Gieene is widely distributed in the north¬ 
eastern part of the United States and Canada, extending southward 
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to northern New Mexico in the Rocky Mountain region. L. canaden¬ 
sis Greene is even more extensive in distribution than i. argentea. 
It extends across southern Canada and up to Alaska. In the Rocky 
Mountain region, however, temperature seems to limit its southern 
distribution, as this shrub could be found only at an elevation in 
excess of 7,500 feet near Bergen Park, in Colorado. The materials 
used in these investigations were collected at Pagosa Spring and 
Bergen Park, Colo. 

Zizyphus lycioides Gray, a spiny shrub with zigzag branches, is 
native to the southern part of the United States. The material 
used was collected in southern Alabama. 

Considerable difficulty was experienced at first in overwintering 
these plants. As an extremely succulent growth was needed for 
inoculation during six weeks in the spring, the question arose as to 
the best method of maintaining these plants throughout the remainder 
of the year. Four methods, all unsatisfactory"^ at Ames, were as 
follows: (ij Maintenance under greenhouse conditions throughout 
the year; (2) heeling-in during the winter out of doors and trans¬ 
ferring to the greenhouse in the spring; (3) packing in moss and 
keeping in cold storage during the winter; (4) cuttings. 

Two methods of obtaining succulent spring growth were success¬ 
fully used at Ames. In the first, the plants were set in 12-inch pots 
placed outdoors in June, and set 3 inches below the ground .line. 
They were allowed to harden off in the fall until defoliated, after 
which they were covered with 6 inches of straw and allowed to 
remain outside until the first of March. They were then kept in 
a cold room (45° to 55° F.) for three weeks and subsequently placed 
on the greenhouse bench (temperature 65° to 70°). It seems 
important that these plants be started slowly when brought into 
the greenhouse, as in previous years over 50 per cent of them died 
when taken directly from the outside into a heated room. 

A second satisfactory method was to sow Rhamnus seed in the 
greenhouse in November. Seeds of R. daJiurica, R. lanceolataj R. 
cafhartica, R. caliiornica, R. pursMana, and R. alnifolia germinated 
strongly if gathered in the fall and sown before the fruit became dry. 

After the plants had become established on the greenhouse bench 
in the spring, two methods of obtaining succulent.growth were used: 
(1) The plants were watered daily with liquid manure and the tem¬ 
perature raised to 75° to 80° F.; (2) the seedlings, which had been 
maintained under greenhouse conditions, were severely pruned and 
then forced by means of fertilizer and heat. 

SOURCE AND CARE OP TELIOSPORES 

During 1923, teliospores from Arena sativa L. were collected from 
four places in Iowa and Illinois. These had a low percentage of 
germination. Those collected at Ames and Masonville, Iowa, 
during 1924, germinated with greater vigor. 

Teliospores were collected from Calamagrostis canadensis in Iowa, 
Wisconsin, and Canada. Those from Iowa germinated between 90 
and 100 per cent, but the other collections had only a weak germi¬ 
nation. Teliospores were collected at Eldora Springs, Colo., from 
0, purpurascens. 
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A collection of teliospores from Fesiuca elatior was made at Ames, 
Iowa. Teliospores were collected from greenhouse cultures of 
Notholcus lanatm but germinated poorly. 

The germination of teliospores in the spring was influenced by the 
method of overwintering the host plants. Those from Avena sativa^ 
Fedum elatior, and Notholcus lanatus germinated most satisfactorily 
when the host plant wbls left in the field and the spore material 
collected in the spring, while those on Oalamagrostis canadensis 
germinated equally well whether collected in the fall and wrapped 
in cheesecloth or obtained from the host plant in the spring. 

TYPES OF INFECTION OF ALTERNATE HOSTS 

Successful attempts to infect Rhamnus species developed the 
following four types of aecial infection: (1) Necrotic areas, no 
sporulation; (2) normal pycnia, no aecia; (3) normal pycnia, and 
few aecia; (4) normal pycnia and aecia. 

In type 1 the germ tube of the sporidium caused etiolated, light 
yellow areas, usually surrounding a dead center with no form of 
sporulation. In type 2, there was normal pycnial development but 
little or no evidence of aecia. Type 3 showed normal pycnia but 
few aecia. Type 4 was characterized by profuse development of 
normal pycnia and aecia. 

Gro’wth factors, such as relative humidity and temperature, played 
an important part in determining whether an infection of type 3 or 4 
would develop. A high humidity and a temperature of about 20° C. 
caused profuse development of aecial cups on susceptible Rhamnus 
species. Inherent rather than environmental causes were probably 
more responsible in determining whether aecial infection was of 
type 2-or 3. 


THE ALTERNATE HOSTS OF CROWN RUST 

It has been shown earlier {9) that the uredinial hosts of Puccinia 
coronata are not restricted to one genus. Whether the alternate 
host of crown rust was limited to the genus Rhamnus has not 
previously been known. To determine this, the following genera 
were exposed to infection from teliospores of crown rust: Berchemia, 
Ceanothus, Leparagyrea, Rhamnus, and Zizyphus. 

THE GENUS RHAMNUS 

The results obtained by exposing 16 species and 1 variety of 
Rhamnus to crown-rust infection 364 times are presented in Table 1. 
Teliospores from Avena sativa, Oalamagrostis canadensis, and Festuca 
elatior were used, as these gramineous hosts are generally present 
throughout the main oat-growing sections of the upper Mississippi 
VaUey. 
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Table 1. —Response of Rhamnus species to inoculation with teliospores of Puccinia 
coronata from various grasses, in the years 1919 to 192inclusive 


Rhamnus species 

Teliospores from— 

Times 

inocu¬ 

lated 

None 

Type 

Flecks 

s of infe( 

Pycnia 

jtion 

Few 

aecia 

Nor¬ 

mal 

Alnifolia.. 

Avena sativa.. 

12 


1 


4 


Do. 

Calamagrostis canadensis. _. 

15 

2 

1 



12 

Do.-. 

Festuca elatior... 

2 





1 

Californica. 

Avena sativa.___ 

13 

4 


9 


Do. 

Calamagrostis canadensis. _. 

18 

1 

1 

7 

8 

1 

Do. 

Festuca elatior..__ 

4 

2 


1 


1 

Californica var. toraen- 

Avena sativa... 


2 



2 

3 

tella. 







Do.-. 

Calamagrostis canadensis. _. 

13 

3 

4 

6 



Do. 

Festuca elatior.. 

4 

2 


2 




Avena sativa__ 

13 



3 

1 

2 

Do--. 

Calamagrostis canadensis_ 

11 

6 

2 

4 


Do. 

Festuca elatior... 

2 




2 


Cathartica.. 

Avena sativa.. 

26 

2 




24 

Do.... 

Calamagrostis canadensis_ 

24 

14 

5 

3 

2 


Do. 

Festuca'^elatior.. 

5 





5 

Crocea... 

Avena sativa.. 

1 




1 


Do.. 

Calamagrostis canadensis_ 

6 





6 

Do. 

Festuca elatior... 

1 




1 


Dahurica.. 

Avena sativa... 

13 

5 

i 

3 

4 


Do.-. 

Calamagrostis canadensis_ 

6 

5 


T 



Do.. 

Festuca'elatior... 

2 

2 





Frangula. 

Avena sativa__ 

17 

8 

7 

2 


■ 

Do. 

Calamagrostis canadensis_i 

28 

1 23 

3 

*2 



Do. 

Festuca elatior. 

3 

i 3 





Ilicifolia__ 

Avena sativa... 

4 ; 

2 




2 

Do. 

Calamagrostis canadensis_ 

3 

i 3. 





Do. 

Festuca elatior.. 

1 


1 




Lanceolata. 

Avena sativa.... 

11 1 

1 2 




9 

Do. 

Calamagrostis canadensis_ 

24 

1 5 

1 


4 

14 

Do. 

Festuca elatior_ 

3 





3 

Nevadensis. 

Avena sativa___ 

1 1 

1 1 





Do. 

Calamagrostis canadensis_ 

0 ’ 

1 



1. 


Do. 

Festuca elatior.... 

0 






Paehy phy 11a.. 

Avena sativa__ 

5 

1 


3 

j. 

1 

Do. 

Calamagrostis canadensis_ 

4 



4 



Do. 

Festuca elatior.. 

■ 1 


1 


_'_ 

Pinetornni_- 

Avena sativa_ .. _ 

3 

1 




2 

Do. 

Calamagrostis canadensis_ 

2 




2 


Do.. 

Festuca elatior_ 

1 

1 





Purshiana.. 

Avena sativa.. 

8 

3 

3 

2 



Do. 

Calamagrostis canadensis_ 

10 

7 

’2 

' 1 



Do . 

Festuca elatior___ 

3 

3 





Rubra . -. 

Avena sativa__ 

5 




4 

1 

Do.. 

Calamagrostis canadensis_ 

6 




6 


Do 

Festuca elatior. . . . 

2 

1 



1 


Smithii _ ___ 

Avena sativa... -_ 

7 

1 



2 

4 

Do. 

Calamagrostis canadensis_ 

10 

1 




9 

Do. 

Festuca elatior.... 

1 




1 


Tinctoria. 

A^vena sativa. 

1 




1 


Do 

Calamagrostis canadensis_ 

1 



1 



Do. 

Festuca elatior_ 

1 

1 










r 1 



When inoculated with teliospores from Avena sativa, it was found 
that Rhamnus californica var. tomentella, R. caroliniana, R, cathartica, 
R, ilicifolia, R, lanceolata, R. pachyphyUa, R. pinetorum, R, rubra, and 
R. smithii were susceptible, producing type-4 infection, and that R. 
alnifolia, R. californica, R. crocea, R. dahurica, and R, tinctoria pro¬ 
duced a type-3 infection (figs. 1 and 2). R. frangula, R. nemdensis, 
and jB. purshiana showed a marked resistance to this physiologic form 
of rust. R. dahurica probably possesses inherent resistance (fig. 2), 
as the aecial sori were small, and contained only a few cluster 
cups. More inoculations are necessary to determine the true response 
of iZ. nemdensis, as only one plant was available in the experiments 
here recorded. When inoculated with teliospores from Oalamagrostis 
canadensis, R, alnifolia, R. californica, R, crocea, R. lanceolata, and R. 
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smithii were infected normally. In addition, R. cathartica, R. pine- 
iorwn, and i?. rulra may function as alternate hosts for this form, 
as they produced a type-3 infection. The other eight species of 
Rhamnus showed a marked resistance. 



FiCr. 1.—Infection from Anna saiira on Rhamnus species. A. Ithamnvs alnifolia; B, R. caroUniana' 
0, E. rubra: D, JR. ilidfolia 



7 from Festuca elatior caused normal infection on Rhamnus 

almfoha^ R. cm/ifoTnica^ R, cathartica, and R. lanceolata. On R. car- 
M. crocea, R, rubra, and R. smithii a few aecia were produced, 
l-welv® iHoculation trials on the seven remaining Rhamnus species 
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showed that R, ilicifolia produced pycnia and R.pacTiyphylla became 
flecked. Owing to the limited teliospore material, further investiga¬ 
tion is necessary to determine the reponse of Rhamnus species to 
crown rust from F. elatior. 

A limited inoculum of teliospores from Notholcus lanatus was trans¬ 
ferred to Rhamnus alnifolia^ R. calijornica, R. californica var. tomen- 
tella, R> cathartica, R. caroliniana, R. croeea^ R.frangulay R. lanceolata, 
R. purshiana, and R. smithii. R. lanceolata produced pycnia. 
Further tests are necessary. 

It should be noted that the reaction of the Rhamnus species to 
crown rust from Festuca elatior paralleled closely that resulting jfrom 
the strain from Avena sativa. A greater divergence between the 
reaction of the A. sativa and Galamagrostis canadensis strains is 
apparent. The reaction of R. caroliniana to the strain from A. sativa 
is particularly noticeable, as this species was infected normally but 
twice in 13 attempts. The normal infection occurred during 1924, 
the most favorable year for obtaining infection in the six years of 
experimentation. Although R. frangula was inoculated 48 times and 
R, purshiana 21 times, both maintained a marked resistance to crown 
rust from the three gramineous hosts. 

Many of the Rhamnus species contained some individuals which 
showed no infection and others which showed normal infection 
(Table 1). This variation probably was not always due to an inherent 
difi'erence in the individuals, as some of the same plants developed 
no infection at one inoculation and normal infection during a sub¬ 
sequent attempt. The species were divided into susceptible and 
resistant groups. All that functioned as alternate hosts by producing 
■aecia were classified as susceptible. 

’Table 2. —Division of Rhamnus species into susceptible and resuiant groups 
according to types of infection 


Inoculated with teliospores from— 

Susceptible species : 

Resistant species 

Number of species 

Number of trials 

Types of infection 

Number of species 

Number of trials 

Types of infection 

None 

Flecks 

03 

1 ; 

! 

Few aecia 

'ffl 

s 

None 

Flecks 

i 

cS 

1 

Ph 

Few aecia 

Normal 

Avena sativa. 

14 

121 

34 

2 

9 

28 

48 

3 

26 

12 

10 

4 

0 

0 

Galamagrostis canadensis. 

a9 

108 

26 

12 

10 

28 

32 

«7 

63 

43 

i 7 

13 

0 

0 

Festuca elatior.-. 

«9 

24 

1 6 

0 

1 

7 

10 

“7 

12 

-10 

.1 

1 

0 

0 

Total.-. 

^..-1 253 

1 

66 

14 

20 

63 

90 

.... 

101 

65 

18 

18 

O' 

.« 


« Mhamnus nevadensh was exposed to infection only with teliospores from Avem^aiUa. 


The production of a single aecium was considered indicative of the 
inherent susceptibility of a species, and when further trials produced 
only negative results it was held to be due probably to the environ¬ 
mental conditions of the plant during inoculation or to possible 
nonviability of the teliospores. As shown in Table 2, the mode of 
each dispersion is at the normal class when inoculations were made 
with spores from Avena sativa^ Galamagrostis canadensis^ or Festuca 
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elatior, respectively. A total of 253 inoculations of the species 
classified as susceptible resulted in 187 positive and 66 negative 
reactions; 63 developed a few aecia. Ninety of the 187 positive 
reactions were of normal type. 

Those species w-efe classed as resistant which did not function as 
alternate hosts; that is, those which produced only a maximum 
development of pycnia, or produced only flecks, or no infections. 
In this class, 65 of a total of 101 inoculations, or over 64 per cent, 
were negative. It is obvious that it is increasingly more, difficult 
to secure infection in the resistant than the susceptible class, a con¬ 
dition due probably to the inherent resistance of certain species of 
Rhamnus. 

The maximum degree of infection obtained at any time on each 
species of Rhamnus is recorded in Table 3, As the importance of 
any Rhamnus species as an alternate host may depend on its degree 
of susceptibility under optimum conditions,’ the maximum degree of 
infection serves as an index of the possible danger from each particular 
species. Crown rust obtained from all of the three telial hosts 
developed aecia on R. alnifolia, B. californicaj B, californica var. 
tomentellaj R, cathartica, R. crocea, R. lanceolata^ B. ruhra, and R, 
smithii. 

Table 3. —Maximum infection on Rhamnus speciesj expressed in types of infection 
1 to 4}J^ftcr inoculation with teliospores from three grasses during the period 1919 
to 1925y inclusive 



Figure 3 represents those species of Rhamnus which may function 
as alternate hosts for the physiologic forms of crown rust on Avena 
satimy Oalamagrostis canadensis, or Festuca elatior, 

OTHER GENERA 

Other genera of Rhamnaceae and Eleagnaceae were studied as 
alternate hosts of crown rust. The late Ellsworth Bethel, of Denver, 
Colo., found Lepargyrea canadensis and L, argentea bearing aecia 
when growing near gramineous hosts of crown rust. Arthur (1) 
exposed these two shrubs to teliospores from Notholcus lanatus and 
ScolocMoa festucacea but obtained no infection. 
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Lepargyrea canadensis^ i. argentea, Geanothus ainerieanus, Ber- 
cheinia scandens, and ZizypTius lycioides were inoculated in 1921 with 
teliospores from Avena sativa^ Calamagrostis canadensis^ 0. pur- 
purascens, and Festuca elatior (Table 4). On L. canadensis^ inoculated 
with teliospores from C purpurascenSj a heavy normal infection de¬ 
veloped (%. 4). All other results with this gramineous host were 
negative. The results^ on Lepargyrea were verified by cultures grown 
under controlled conditions at Oenver, Colo., by I. W. Clokey during 
the summer of 1922. Unfortunately, no teliospores were available 
in 1923 with which to inoculate Geanothus, Berchemia, and Zizyphus. 



F/g. 3.— Diagrammatic representation of the alternate hosts of three physiologic forms of Fuc.^nia 

coronata 


Table 4,; —Reaction to Puccinia coronata of species in genera other than Rhamnus 


Inoculated with teliospores from— 

Species inoculated 

Number 
of inocu¬ 
lations 
on each 
species 

Lepargy¬ 
rea ar¬ 
gentea 

Lepargy- 
j rea cana¬ 
densis 

1 

Ceano- 

thus 

ameri- 

canus 

Ber¬ 

chemia 

soandens 

Zizyphus 

lycioides 

Avena sativa. 

3 

0 

0 

! 0 

4 

0 

Calamagrostis canadensis. 

3 

0 

0 

0 

0 

0 

Calamagrostis purpurascens. 

4 

0 

4- . 

1 — 

— 

— 

Festuca elatior. 

2 


0 

i 0 

! 

0 

0 


0 “ no infection. + = infection. — = not tried. 


In July, 1924, aecia were collected on Lepargyrea canadensis near 
Bergen Park, Colo., and aeciospores from these were transferred to 
Avena sativa at Ames, Iowa. Although ^ urediniospores were pro¬ 
duced on oats, the results are not,conclusive because the aecia were 
not produced under controlled conditions, i. argentea is listed by 
Arthur p. 313) as an alternate host of crown rust, but the writer 
was unable to obtain infection through inoculation with teliospores 
from A, sativa, Calamagrostis canadensis, C. purpurascens, or Festuca 
elatior, at Ames, Iowa. 
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BercJiemia scandens was inoculated on May 5, 1924, with telio- 
spoz’es from Arena sativa. By May 19, pycnia had developed and 
two days later a few aecia were noted. This experiment was re- 


Fig. i.—Lepargyrea camdensk showing aecia after inoculation with teliospores from Calamagrostis 

pUTpwascens 

peated, and four inoculated plants produced a few aecia. 5. scandens 
may function as an alternate host for Puccinia coronata) although it 

degree of resistance, as indicated by the small aecia 
with few cups. 

k 
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THE EFFECT OF RHAMNUS SPECIES ON PHYSIOLOGIC FORMS OP P. CORONATA 

As a heteroecious rust like Puccinia coronata completes its life 
cycle on two widely different plants, the question of the possible 
effect of the alternate host on the biology of the parasite frequently 
has arisen. Whether the alternate host stimulates or invigorates 
the fungus in some manner, or changes its biologic response, has not 
been known. Some light is thrown on the latter phase in this paper. 

The range of gramineous hosts of the physiologic forms of crown 
rust has been previously reported (P). In an eariier report (P) and 
in the present paper, the reaction of 16 Rhamnus species to crown rust 
is recorded. In order to complete the chain of evidence, the range 
of gramineous hosts of the aeciospores from Rhamnus should be 
determined. 

Inoculating with teliospores from Arena sativa, aecial infection 
was secured on Rhamnus caroliniana, R. cathartica, R, dahurica, 
R, ilicijolia, R. lanceolata, R. pinetorum, R. rubra, and R. smithii. 
Achyrodes aureum., Arena satira, Galamagrostis canadensis, Festuca 
elatior, and Notholcus lanatus were inoculated with aeciospores from 
each infected species of Rhamnus. Aeciospores from all eight 
Rhamnus species caused infection on Arena sativa. All results are 
shown in Table 5. 


Table 5. —Gramineous host range of Puccinia coronata avenae, determined hij 
inoculation with aeciospores from eight Rhamnus species 


Species 

Gramineous hosts 

rodeos i 
aureum | 

Calama- 
grostis 
[ canaden- 
' sis 

Festuca 

elatior 

Noth¬ 

olcus 

lanatus 

R. caroliniana.-.. 




■ + 

R. cathartica.-.. 

'+ -h . ' 


+ 

, + 

R. dahurica. .-... 

.' + 



R. ilicifolia ... 


4- 

+ 


R. lanceolata. 

+ ! + 

+ 


+ 

R. pinetorum.-.-.. 

-h 



'4- 

R. rubra..-. 

+ i + 



+ 

R. smithii.... 

I.,.J + 



+ 


1 ' 




* +=infection. 


In some cases, the number of aeciospores was limited; hence the 
negative results of Table 5 are not conclusive. This was true par¬ 
ticularly of Rhamnus dahurica, R. ilicifolia, and R. pinetorum. 
Inoculum from R. caroliniana, R. cathartica, R. lanceolata, R. pineto¬ 
rum, R. rubra, and R. smithii produced urediniospores on Notholcus 
lanatus. Urediniospores were produced on Galamagrostis canadensis 
inoculated with aeciospores from R. ilicifolia and R. lanceolata. 
Achyrodes aureum has been shown to be a host for five physiologic 
forms of Puccinia coronata, two physiologic forms of P. graminis and 
P. dispersa, P. montanensis, and P. poarum. Urediniospores were 
produced on this grass through inoculation with aeciospores from R. 
caroliniana, R. cathartica, R. lanceolata, and R. rubra. 

Rhamnus lanceolata, which had been inoculated with teliospores 
from Galamagrostis canadensis, produced abundant urediniospores on 
Arena sativa in nine trials conducted over a period of three years. 
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CORRELATION OF LABORATORY AND FIELD RESULTS 

Although Rhamnus species may become infected with crown rust 
under greenhouse conditions, the importance of the alternate hosts 
of this rust depends on such factors as prevalence and distribution of 
the species, the quantity of infection, together with the methods of 
infection, rate of dissemination of their aeciospores, and the resulting 
damage to the oat crop. 

RHAMNUS CATHARTICA IN THE UPPER MISSISSIPPI VALLEY 

Through the cooperation of the State leaders of barberry eradica¬ 
tion and their field assistants with the plant pathology section of 
the Iowa Experiment Station, a preliminary survey for the locations 
of common buckthorn {Rhamnus cathartica) was made. In repre¬ 
sentative areas, comprising less than one-twentieth of the total area 
in each of the eight upper Mississippi Valley States, a total of 1,021 
plantings of B. cathartica was found during 1923 and 1924. Of these 
plantings, 282 were rural and 739 urban. They contained 93,041 
counted bushes besides 44,395 feet of hedge where the bushes were 
not counted. Many wild areas of escaped bushes found in Illinois, 
Wisconsin, and Montana were not included in this count, for the 
bushes were too numerous to estimate. 

It readily can be seen that with this tremendously large number of 
shrubs in a relatively small area, a serious, though local, annual 
damage to the oat crop may result if these shrubs become infected. 
Since the aecial infection affecting the oat crop could function only 
a short time in the spring, the percentage of bushes infected was 
tabulated for the months of May and June, 1923. Nearly 80 per 
cent of all bushes reported during this period were infected, while 
those reported from the farmsteads were uniformly infected. In 
1924, about 50 per cent of the bushes located during this period were 
infected. For the past nine years, under Iowa conditions, aecial 
infection of Puccinia coronata developed on Rhamnus cathartica and 
jB. lanceolata before uredinia were present on Arena sativa (Table 6). 

Table 6, —Twie of appearance of crown-rnst uredinia on Avena sativa and aecia 
on Rhamnus cathartica and R, lanceolata in Iowa for the period 191010 192/f, 
inclusive 


stage in life cycle 

Host 

Year 



1916 

1917 1 191S 

1019 

1020 

Aecial... 

Aecial. 

Uredinial. 

Rhamnus cathartica. 

Rhamnus lanceolata. 

Avena sativa.. 

May 7 
May 22 
June 2 

June 30 i Apr. 30 

. i June 6 

July 6 : July 6 

May 26 
May 15 
June 6 

i 

May 15 
May 20 
Juno 12 

|! 

1 

Stage in life cycle 1 

1 

Host 

Year 

1921 

1922 

1923 

1924 

Aeckl...,. 

Aedal. 

Rhamnus cathartica. 

1 Rhamnus lanceolata 

May 16 
May 16 
May 22 

May 14 
May 21 
June 14 

May 21 
May 23 
June 16 

i\Iay 28 
May 7 
June 16 

Uredinial,.. 

Avena sativa. 
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The earliest appearance of aecia during this period was found on 
Rhamnus cathartica on April 30, and the latest on June 30. The time 
of the appearance of infection depends somewhat on climatic factors, 
especially moisture and temperature. R. lanceolata varied in time 
of observed infection from May 7 to June 6. Uredinia usually appear 
on oats about seven days after visible outbreak of the disease on the 
alternate host. However, this period was increased greatly in 1918* 
by the hot, dry weather intervening between aecial and uredinial 
infection. 

In order to prove further that buckthorn was responsible for the 
initial infection in Iowa, a detailed survey of the State was made 
during May and June, 1923 and 1924. If wind-blown spores from 
the south started the infection in Iowa, a more or less uniform rust 
spread should have appeared first across the southern part of the 
State. However, during this time, many local areas or concentric 
zones of crown-rust infection of oats were observed scattered over 
the State previous to a general infection. Either Rhamnus cathartica 
or R. lanceolata was found near the center of each of these areas. 
The degree of infection varied from a trace on the outer edge of these 
concentric zones to 30 per cent near the center. These local infection 
centers appeared simultaneously in northern and southern Iowa. 
The areas were small at first, remained constant for 7 to 10 days, and 
then expanded rapidly. This probably was due partly to the limited 
area over which aeciospores cause infection (4). It is probable that 
infection from rural plantings of Rhamnus is more likely to spread 
than that from city plantings. This belief is supported by the fact 
that the centers of all these local .infection areas were on farmsteads. 

A detailed study of the effect of crown rust on yield was made at 
Winthrop in Buchanan County, Iowa, where the initial infection was 
a hedge of Rhamnus cathartica adjoining an oat field. The oats 
were not cut, as many of the plants failed to head. Oats in adjoin¬ 
ing sections yielded 10 bushels per acre, while the average yield of 
more remote sections of the same township was 50 bushels per acre. 

RHAMNUS FRANGULA 

As previously stated, the maximum infection on Rhamnus frangula 
under controlled conditions gave only pycnia production in 4 out of 
48 trials. It seemed desirable to ascertain whether the species 
maintained this relative resistance under field conditions. During 
1923 and 1924, ten plantings or thickets of R. Jrangula in the New 
England States, ranging from a few to more than 2,000 bushes were 
inspected for aecial infection. In four of these cases, where R. fran¬ 
gula and R. cathartica were growing side by side, and often inter¬ 
woven, aecial infection was found abundantly on R. cathartica but 
was absent on R, frangula. Likewise no aecia were found on the 
other six plantings of R. frangula, R. frangula bushes, growing on 
the campus at Ames, Iowa, have produced no aecia during the past 
eight years of observation, while adjoining bushes of E, cathartica 
were infected annually, 

RHAMNUS PURSHIANA 

Under controlled conditions, Rhamnus purshiana, like R. frangula, 
proved resistant to crown rust. It is a well-known fact that this 
species produces abundant aecia under natural conditions, although 
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it remains to be discovered just what, if any, relationship this aecial 
infection bears to Puccinia coronata on Avena saliva. 

In June, 1922, at New Amsterdam, B. C., the late Ellsworth 
Bethel succeeded in infecting Galamagrostis sp. by inoculating with 
aeciospores taken from Rhamnus pursUana grown in the open. 

DISCUSSION 

In Europe, crown rust {Puccinia coronata) has been divided by 
Klebahn (7) into two species, P. coronata and P. coronijera. Eriksson 
(J") and Miihlethaler (10) are in agreement with Klebahn that RJiam- 
nusfrangula acts as a differential host for P. coronata and P. corona 
ifera. Eriksson (6) recognizes Barclay's P. coronata vax. himalensis 
as still further distinct, since it produces aecia on R. dahurica. Dietel 
makes a valid species of this form, and Miihlethaler (11) recognizes 
it, but suggests that it may be P. coronijera. These investigators, 
then, have employed the several species of Rhamnus as indicators 
of different species of rust. In other words, strong emphasis has 
been placed on the physiologic reaction of the alternate host. Tre- 
boux il2)j on the other hand, fails to find the marked differential 
reaction of Rhamnus species reported by Klebahn (7), Eriksson {5) 
and Miihlethaler (11). 

Still further, here in America, Melhus, Dietz, and Willey (5) have 
presented infection experiments suggesting lack of marked differ¬ 
ential action of Rhamnus cathartica and R. frangula. They found 
that teliospores from Avena sativa produced pycnia on B. frangula 
and that the 10 species considered by them showed different degrees 
of susceptibility ranging from flecking to the normal production of 
aecia. This varied host behavior led these authors to question the 
wisdom of founding a species of Puccinia on the basis of its alternate- 
host reaction. 

In these further studies, comprising inoculation trials extending 
over four years and involving 16 species of Rhamnus, a wealth 
of additional data has been obtained bearing directly on the reaction 
of Rhamnus species to crown rust. It has been shown again that R. 
frangula is not immune from infection when inoculated with telio¬ 
spores from Avena satim and Galamagrostis canadensis. The devel¬ 
opment of pycnia was obtained on four different occasions. Infection 
is very dependent on the state of development of the leaf tissues and 
on the environmental conditions. It is quite conceivable that, if 
infection can be induced in the greenhouse, it also may be found 
imder certain conditions in the open. It should be noted, however, 
that B. frangula is much more resistant than B. cathartica and R. 
lanceolataj although neither Klebahn (7), Eriksson (5), nor Miihle- 
thaler (10, 11) noted any variation in the degree of susceptibility of 
the two first named species. 

Up to the present writing, teliospores of Puccinia coronata from 
Avena sativa^ Galamagrostis canadensis^ Festuca elatior^ and Notholcus 
lanatus have been applied as inoculum to species of Rhamnus. Infec¬ 
tion on R. frangula has resulted only through teliospores from A. 
^im and G. canadensis. None has developed through teliospores 
from F. elatior and N. lanatus^ probably because of the fewer trials 
with spores from the two last mentioned hosts and the added diffi¬ 
culty of securing viable teliospores from Festuca and Notholcus. 
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Further evidence showing that the alternate-host range of the 
American crown rust differs from that found in Europe is apparent 
in the reaction of Rhamnus dahurica. Barclay describes a variety of 
Puccinia coronata as P, coronata var. Tiimalensis on Agrostis Tiimalensis. 
Later, Eriksson transferred this variety to R. dahuHca and subse¬ 
quently Dietel raised Barclay’s variety to specific rank, naming it 
P. himalensis. Miihlethaler subsequently recognized this species, 
but suggested that it might be synonymous with P. coronijera Kleb. 
As shown in Table 1, this method of differentiation is questionable 
where teliospores from Arena sativa produced aecia on R, dahuricaj 
which, in turn, was able to produce urediniospores on A. sativa 
(Table 5). These data show that R, dahurica can not act as a differ¬ 
ential host for P. Jiimalensis (Bsivcl.) Diet., since teliospores from 
A. sativa also can produce aecia on this alternate host. 

Another very significant point bearing on the reaction of Rhamnus 
species to infection is the preference manifested by crown rust taken 
from different gramineous hosts. As shown in Table 1, Puccinia 
coronata from Arena satira infects most readily P. cathartica and R. 
lanceolata. R. alnifolia is most susceptible to the Calamagrostis form 
taken from 0, canadensis. However, in each case, different degrees 
of infection were obtained on at least 15 species. At the same time, 
R. alnifolia has consistently shown resistance to the A. sativa form. 
In the case of R. caroliniana^ the differential reaction of the two 
sources of crown rust is even more marked. Teliospores from A. satira 
gave normal infection, while those from C. canadensis showed only 
pycnial development. 

Although the reaction of crown rust from all the gramineous hosts 
has not been fully studied up to the present wilting, the data avail¬ 
able indicate clearly that certain species of Rhamnus are markedly 
resistant to some and susceptible to others. In other words, a 
physiologic form has its alternate-host range as well as its gramineous 
host range. Clearly, then, when the reaction of additional physio¬ 
logic forms has been studied, still further overlapping and extension 
of alternate-host ranges should be discovered. As shown earlier, 
crown rust from Arena sativa was transferred for the first time to 
Berchernia scandens, one of the Rhamnaceae. 

An additional extension of the alternate-host range of crown rust 
developed when infection was obtained on Lepargyrea canadensis of 
the family Eleagnaceae through inoculation with teliospores from 
Calamagrostis purpurascens. It is not yet clearly understood just 
what alternate-host range and particular specialization that form of 
crown rust may have which produces abundant aecia on Rhamnus 
purshiana, a species indigenous to British Columbia, California, 
Oregon, Washington, and Idaho. The data here presented show 
the alternate-host specialization and the marked development of 
resistance and susceptibility of the physiologic forms Avenae and 
Calamagrostidis. These, combined with the extension of the alter¬ 
nate-host range beyond the genus Rhamnus and, in fact, outside the 
family Rhamnaceae, allow no alternative but to consider the crown- 
rust organism as one species with a wide alternate-host range. 
Crown rust, then, must remain as Puccinia coronata Corda. 

Another point of much importance in connection with the rust 
reaction of Rhamnus is the influence exerted by different species of 
the host on the stability of the physiologic forms of the rust. 
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Among the European students of crown rust, Treboux alone, as 
noted earlier, presented results at variance ^ with those of other 
workers. He obtained infection of grasses directly through aecio- 
spores, while most of the other European investigators have sought 
to infect Rhamnus through teliospores of various grasses. Treboux 
{12, 13) produced urediniospores on Arena saliva through inoculation 
with aeciospores from i?. fiungula. He also found that the aecio- 
spores from B, cathartica infected stolonifem, Oalamagrostis 

arundinacea, and PTialaris arundinacea, all of which are listed as 
hosts of Puccinm coronata by Klebahn and Muhlethaler. On the 
other hand, in localities where only B. frangula occurs, two of the 
hosts of F. coronifera, namely, A. alba and Poa pratensis, were 
infected with P. coronata. Treboux took this to mean that speciali¬ 
zation as reported by Klebahn and others probably did not exist. 
However, to the writer, Treboux ^s results, in connection with data 
here presented, suggest that the stability of the physiologic forms 
was changed through their culture on the Rhamnus hosts. 

As shown in Table 5, teliospores from Arena sativa produced infec¬ 
tion on eight species of Rhamnus. The aeciospores from each of 
these, in turn, caused abundant infection on Notholcus lanatus and 
A. sativa. This result is directly opposed to ordinary experience, for 
the form of crown rust on N. lanatus is highly specialized {9), only 
occasionally producing a subnormal infection on A. sqiwa when 
urediniospores are used as inoculum. Again, teliospores from 
Oalamagrostis canadensis caused infection on B. lanceolata, these 
aeciospores producing urediniospores on A. sativa many times during 
a period of three years. It has been shown in an earlier paper {9) 
that the urediniospores on 0. canadensis can only occasionally produce 
a subnormal infection on A. sativa and vice versa. On the other hand, 
teliospores from A. sativa produced aeciospores on B. lanceolata 
which produced urediniospores on G. canadensis (Table 5). This 
suggests that the physiologic-form relationship as expressed by the 
gramineous hosts may be altered by the Rhamnus host. 

SUMMARY 

The division of Puccinia coronata Corda into two species, as has 
been done by Klebahn, in Europe, is not justified in America. 

The fact that Bhamnus daliurica produces aecia through teliospores 
from Arena sativa prevents this species of Rhamnus from functioning 
as a differential host for Puccinia coronifera Kleb. and P. Mmalensis 
(Bard.) Diet., although Eriksson and Muhlethaler in Europe have 
claimed that it coxild so serve. 

The alternate hosts of Puccinia coronata are not restricted to the 
genus Rhamnus or even to the family Rhamnaceae. 

Thirteen species and one variety of Rhamnus, indigenous to the 
United States, and three species native to Europe, were investigated 
as possible alternate hosts of crown rust, from 1 to 28 times each, 
making a total of 364 trials. When Bhamnus calijornica var. tornen- 
tella, B. caroliniana, B. cathartica, B. ilicifolia, B. lanceolata, B. 
pmhyphyUa, B. pinetorum, B. rubra, and B. smithii were inoculated 
with teliospores from Arena sativa, the resulting infection was 
^rmal in at least one trial. B. alnifolia, B. calif arnica, B. crocea, 
R. miJmrica, and B. tinctoria also are susceptible, and may function 
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as alternate hosts of the Avenae form of P. coronata. Rhamnus 
frangula, R. nevadensis, and R. purshiana reacted with marked resist¬ 
ance to the physiologic form on Avena sativa. 

Rhamnus alnifolia^ R. californicaj R. crocea, R. lanceolata, and 
R. smithii developed normal infection when inoculated with telio- 
spores from Calamagrostis canadensis. It also was found that R, 
californica var. tomentella, R. cathartica, R. pinetorum, and R. rubra 
may function as alternate hosts of this physiologic form. The other 
eight species showed marked resistance. 

Teliospores from Festuca elatior caused normal infection on Rhamnus 
alnifolia, R. calif ornica, R. cathartica, andiJ. lanceolata. R. calif ornica 
var. tomentella, R. caroliniana, R. crocea, R. rubra, and R. smithii 
produced a few aecia. Twelve trials on the seven remaining species 
showed that R. ilicifolia produced pycnia and R. pachyphylla devel¬ 
oped flecks only. 

Teliospores from Notholcus lanatus produced pycnia on Rhamnus 
lanceolata. 

Oeanothus americanus, Lepargyrea argentea, and Zizyphus lycioides 
did not respond as alternate hosts of crown rust. Berchemia scandens 
was infected with teliospores from Avena sativa. Lepargyrea cana¬ 
densis produced aecia when exposed to infection with teliospores from 
Calamagrostis purpurascens. 

Rhamnus species, functioning as alternate hosts, may alter the 
physiologic response of specialized forms. 

A total of 1,021 plantings of Rhamnus cathartica were found in the 
upper Mississippi Valley. Of these, 282 were rural and 739 urban, 
with a total of 93,041 bushes, besides 44,395 feet of buckthorn hedge 
of uncounted bushes. In addition, many areas of escaped plants 
were located in Illinois, Montana, and Wisconsin. 

During the past nine years in Iowa, aecial infection has appeared 
on Rhamnus cathartica and R. lanceolata previous to the development 
of uredinia on Avena sativa. These two species of Rhamnus have 
been instrumental in starting local and general epidemics in Iowa 
within the past two years. 
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THE INFLUENCE OF SOIL TEMPERATURE AND SOIL 
MOISTURE ON THE DEVELOPMENT OF YELLOWS IN 
CABBAGE SEEDLINGS^ 


By Eugene C. Tims 

Collaborator, Bureau of Plant Industry, United States Department of Agriculture, 
and Assistant Plant Pathologist, Louisiana Agricultural Experiment Station 


INTRODUCTION 

The effect of temperature upon the development of the disease 
of cabbage caused by the vascular parasite Fusarium conglutinans. 
Wollenw. has been studied by Gilman (.5)^ and Tisdale ( 14 ). Gilman 
found that this disease appears in its most destructive form in the 
fields under conditions of hot, dry weather, whereas it develops 
but slightly during moist, cool weather. Tisdale determined more 
exactly the relation of soil temperature to the development of the. 
disease in cabbage seedlings. He found that cabbage yellows de¬ 
velops in seedlings growing in ^^sick” soil at soil temperatures ranging- 
from 17° to 35° C., the optimum for rapid development of the disease 
being from 26° to 29°. This optimum temperature coincides with 
the optimum for vegetative growth of the fungus in pure culture 
and is distinctly above the optimum for growth of cabbage seddlings, 
which Tisdale found to be about 20°. He found also that yellowa 
occurs at any percentage of soil moisture at which the cabbage, 
seedlings grow, but that it develops most rapidly and destructively 
at about 19 per cent of the dry weight. This soil moisture is also.., 
the most favorable for the normal growth of the host plant. Tisdale, 
found that seedlings of the resistant Wisconsin Hollander and the 
susceptible Commercial Hollander strains up to the age of 20 days, 
were almost equally susceptible to yellows. However, as the age. 
of the plants increased resistance became more pronounced in the^ 
resistant strain. He used only plants of Wisconsin Hollander and 
Commercial Hollander. 

The purpose of the study herein reported was sixfold: (1) To deter-, 
mine the range of soil temperatures at which yellows occurs in thcN 
young seedlings of Wisconsin All Seasons and Commercial All Seasons,, 
strains; (2) to determine the effect of various soil temperatures upon 
the resistant quality of the selected cabbage strains; (3) to study- 
further the range of soil temperatures for the development of yellows 
in both resistant and susceptible cabbage strains; (4) to determine, 
the difference in the development of the disease in cabbage plants, 
grown at high and at low temperatures before being transplanted to 
diseased soil; (5) to study the effect of different combinations of air- 
and soil temperatures on yellows development; and (6) to study 
further the influence of soil moisture upon the occurrence of yellows. 


^ Received for publication Apr. 1, 1926; issued December, 1926. Tbis, the second of two articles relating 
to the yellows disease of cabbage (15) ^ was presented to the faculty of the University of Wisconsin in par-. 
tial fulfillment of the requirements for the degree of doctor of philosophy. Grateful acknowledgment is 
made to L. R. Jones, of the University of Wisconsin, and J, C. Walker, of the Office of Vegetable and 
Forage Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, for suggestions and helpful 
criticisms throughout the progress of the work. 

2 Reference is made by number (italic) to “Literature cited,” p. 991. 
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METHODS AND EQUIPMENT 

The apparatus employed for controlling the soil temperature in 
these experiments was what is known as the Wisconsin soil-tempera¬ 
ture tank. Since this apparatus has been described by Jones {9) and 
a modified form by Dickson (S), further description is unnecessary. 
The temperatures below 20° C. were regulated by running in small 
quantities of cold water as often as required to keep the temperature 
of the water in the tank fairly constant. The higher temperatures 
were maintained by the use of electric lamps controlled by' thermo¬ 
stats. With careful attention at regular intervals, the temperatures 
seldom varied more than 1° or 2° from those desired, and then for 
only a short time. 

Ivlost of the experiments were conducted in a greenhouse room with 
the temperature at about 20° C. This was fairly constant except 
during the spring months beginning late in March, when the sun 
caused a rise in temperature which could not be entirely eliminated 
by means of the blower. Other experiments were conducted under 
different air temperatures, which will be discussed separately with 
the various experiments. 

RECEPTACLES 

The culture cans were made of galvanized sheet iron, cylindrical, 
about 6 inches in diameter and 10 inches deep. They were prepared 
for use by first being brought to an even weight by the addition of 
coarse gravel to the lighter cans. A 2-inch clay pot with a one-half¬ 
inch hole in the bottom was upturned in the bottom of the can and 
the soil put in up to within about 13 ^ inches of the top, an equal weight 
of soil being placed in each can. The water was supplied through a 
test tube with a broken bottom, which was placed in the center of 
the receptacle with the lower end connected with the hole in the bottom 
of the flowerpot. After the cans were filled with soil they were so 
placed in the tanks that the surface of the soil was about level with 
the water in the tank. 

SOIL 

The naturally infested soil used in all the experiments was obtained 
from a ^‘cabbage sick” field in Kenosha County, Wis. Before being 
used, the soil was screened and uniformly mixed with a virgin clay 
loam in the ratio of 5 parts of the infested soil to 1 of virgin soil. 

The moisture content of the soil in all the temperature experiments, 
with the exceptions mentioned later, was kept at about 20 per cent of 
the dry weight or 40 per cent of the moisture-holding capacity, as 
determined by the 10-inch soil cylinder method. Tisdale (14) found 
that with favorable temperature the yellows disease develops most 
rapidly and destructively in soil with about 19 per cent moisture 
on the dry-weight basis, or 40 per cent on the wet basis. This mois¬ 
ture content was used in order to give the plants as severe a test as 
possible. The receptacles were weighed at regular intervals and 
water added to keep the soil at about the moisture content desired. 

SEED 

Hie Wisconsin AU Seasons seed used in all the experiments unless 
oth^wise specified was from a lot of seed grown in the Puget Sound 
section of Washington in 1921. This strain of cabbage had been 
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proved by Jones et al. (10) to be highly resistant to yellows under 
field conditions. The Commercial All Seasons seed was taken from 
a single lot grown on Long Island, N. Y., in 1921 and obtained from 
a seed company in Madison, Wis. Two lots of Wisconsin Hollander 
seed were also used. Lot 1 was grown in 1921 by W. A. Walker at 
Racine, Wis., and lot 2 was grown in Washington State in 1923 from 
the seed of lot 1. The Commercial Hollander seed was grown in 
Denmark in 1921. 

RELATIVE SUSCEPTIBILITY TO YELLOWS OF ‘^RESISTANT’’ AND 
“SUSCEPTIBLE” STRAINS OF CABBAGE SEEDLINGS 

Seed of Wisconsin All Seasons and Commercial All Seasons strains 
were planted in naturally infested soil in the receptacles previously 
described and placed in tanks at temperatures of 16®, 20°, 24°, 28°, 
and 32° C., four cans of each variety at each temperature. When 
the seedlings had emerged from the soil they were thinned so as to 
leave 10 plants to each receptacle. 

Data were taken 10, 13, 17, and 20 days after planting. Per¬ 
centages of yellows, as given in Table 1, include the plants which 
showed the disease in incipient stages as well as those which died 
of it. The All Seasons strains tested reacted to yellows in a way 
similar to those tested by Tisdale, who found that there w^as little 
difference in percentage of disease between resistant and susceptible 
Hollander strains up to the age of 29 days. However, the disease 
was somewhat slower in developing in the plants of the resistant 
strains, and the final percentages of disease were somewhat lower in 
these than in plants of the susceptible strain. 

Table 1. —Percentage of cabbage seedlings growing in naturally infested soil which 
developed yelloxvs at different soil temperatures 


[Air temperatore from 20° to 22° C.] 


Soil temperature °C. 

Number 
of plants 
of each 
variety 

Percentage of Commercial All 
Seasons diseased after— 

Percentage of Wisconsin All 
Seasons diseased after— 

10 

days 

13 

days 

17 j 
days : 

1 

20 

days 

10 

days : 

13 

days 

17 

days 

20 

days 

16. 

40 

0 

0 

1 

0 i 

0 

0 

0 

0 

0 

20. 

40 

0 

0 

12 

54 

32 

0; 

0 

15 

22 

24__. 

40 

8 

42 

74 

8 

35 

50 

53 

28. 

40 

25 

60 

66 

82 

i 10 : 

32 

45 

80 

32. 

40 

22 

62 

76 

70 

1 20 i 

38 

50 

55 


1 





It has been observed by Edgerton and Moreland (4) that tomato 
wilt develops more slowly in a resistant strain and that the plants do 
not die as rapidly as those of the susceptible strains. According to 
these investigators— 

all varieties, even the most resistant, when grown under the most favorable 
conditions, show a rather heavy infection with the wilt disease. Susceptible 
varieties, however, take the wilt earlier, die quicker, and in most cases show a 
higher percentage disease than resistant ones. 

Somewhat the same condition seems to obtain in the strains of 
cabbage so far produced, except one recently developed by Walker 
et al. (17), which appears to be practically immune to yellows. 
Under field conditions there may be a high percentage of yellows in 

22539—26-6 
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some of the resistant strains, but most of these are able to withstand 
or resist the attack of the fungus to a greater dope than the suscep¬ 
tible strains The difference between the resistant and susceptible 
strains seems to lie in the ability of the former to prevent the develop¬ 
ment of the fungus after it has once gained access to the tissues 
There is evidently a sort of balance reached between the host and 
parasite in the case of the resistant strains under ordinary field 
conditions. When the soil temperature goes up and the soil moisture 
is reduced, this balance is upset and the fungus makes further inroads 
on the tissues of the plant. If these conditions prevail for a sufficient 
length of time the plants may be killed; but in general they do not 
persist long enougli to cause the death, of many plants of the lesistant 
strains. With the advent of copier weather the earlier balance 
between the host and the parasite is restored and the cabbage plants 
again become resistant'' and develop normally. 

In January, 1923, plants of the Wisconsin Hollander and Commer¬ 
cial Hollander strains, grown in virgin soil for 55 days at an air 
temperature of from 14° to 18° C., were transplanted to receptacles 
containing naturally infested soil. Four plants of each sort were 
placed in separate receptacles, one can of each kind in each of five 
tanks maintained at temperatures of 12°, 18°, 24°, 28°, and 32°, 
respectively. Observations were made 13, 21, and 33 days after 
transplanting. The results, shown in Table 2, indicate that within 
13 days after they were placed in diseased soil at temper a tui’es of 
24°, 28°, and 32°, half or more of the plants of the resistant Wisconsin 
Hollander showed symptoms of disease. Two of this strain in the 
24° tank w’-ere diseased at the end of the thirteenth day after trans¬ 
planting, and at the end of 33 days all four were diseased and two 
were dead. In the case of the susceptible Commercial Hollander, 
however, three-fourths of the plants in the 24° tank were dead by the 
thirteenth day and all were dead by the twenty-first day. At the 
conclusion of the experiment it was noted that all of the susceptible 
strain were dead in the 24°, 28°, and 32° tanks, whereas 50 per cent 
of the resistant strain -were still alive in the 24° tank, 75 per cent 
in the 28° tank, and 75 per cent in the 32° tank. 


Table 2. —Variations in susceptibility among cabbage seedlings of Commercial 
Hollander and Wisconsin Hollander strains, transplanted from healthy to natu-- 
rally infested soil, and grown at different soil temperatures 


Soil tem¬ 
perature 
(°C.) 

Kum- 
! of 
plants 
tested 

Commercial Hollander | 

Wisconsin Hollander 

Number of plants dis¬ 
eased after— | 

Per 
i cent 
i dis¬ 
eased 

1 at end 
; OfeX” 

1 peri- 
1 ment 

Per 
cent 
dead 
at end 
of ex¬ 
pert- i 
ment i 

Number of plants dis- t 
eased after—- j 

_ . ... ... .. i 

Per 
cent 
dis¬ 
eased 
at end 
Of ex¬ 
peri¬ 
ment 

Per 
cent 
dead 
, at end 
of ex¬ 
peri¬ 
ment 

13 

days 

1 

21 

days ' 

33 

days 

13 

days 

21 

[ days 

i 

33 

days 

12. 

4 

0 

0 ! 

(“) 

0 

0 

0 

0 

(“) 

0 

a 

18. 

4 

0 

0 ! 

(«) 

0 

0 

Q 

0 

CO 

0 

0 

24. 

4 

3 1 

4 i 

4 

100 

100 

2 

4 

M 

100 

50 

28.. 

4 

3 I 

4 

4 

100 

100 

3 

3 

,3 

75 

25 

32. 

4 


4 

4 

100 

100 

2 

3 

3 

75 

25 


« plants in diseased soil at 12® and 18® Cwere removed 21 days after transplanting to tank at 28®. The 
Cqmjneraal Hollander plants were all dead within 10 days, and 6 of the 8 Wisconsin Hollander plants 
diseased at the end of 24 days. 

& Om itet showing severe yellows symptoms put out new roots near the surface of the soil and survived 
^ attack the fongns. 
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In Table 3 are summarized the data from several soil temperature 
experiments with plants grown under different conditions. The 
results are rather difficult to interpret because of the great variation 
in the percentage of disease among plants of the different lots 
These data certainly confirm some things, however, that have been 
noted before, namely, that there is a wide variation in the percentage 
of disease, its severity, and the length of the incubation period among 
plants of both resistant and susceptible strains. The slight differences 
in the size and vigor of the plants before they were placed in diseased 
soil might have been caused by a difference in environmental factors 
such as wate ■ supply and sunlight, or by rapidity of growth, and this 
initial strength or weakness might account for some variations in 
susceptibility among the seedlings to the yellows disease. In addition 
to these factors, there must also be the factor of heterozygosity in the 
genetic composition of the plants. Unless resistance is inherited as a 
simple Mendelian character it is quite likely that the average lot of 
cabbage seed is heterozygous for the factors for resistance, since the 
cabbage plant is normally cross fertilized. Furthermore, in the 
selection of resistant strains there has been no attempt to acquire 
homozygosity by selling of plants through a series of generations, 
simple mass selection having been made in all cases until the ver}" 
recent work of Walker (16). 

In general, it seems that vigorous plants are most subject to the 
attack of the yellows parasite. In some cases it was found that 
plants of the commercial strains, which are usually highly susceptible 
to yellows, when grown under conditions of low soil moisture and high 
soil temperature, during periods of low light intensity, often remained 
in diseased soil for from two to four weeks without showing a very 
high percentage of disease. These plants grew very slowly and the 
leaves became somewhat leathery in texture. Especially was this 
noticeable during midwinter when there was often no direct sunlight 
for several days in succession. 

In the next experiment, which was begun on February 8 and ended 
March 9, seven soil temperatures were used beginning at 15° C., and 
increasing in increments of 3° to 33°. Wisconsin All Seasons and 
Commercial All Seasons plants were grown in healthy soil at an air 
temperature of about 20° for 55 days before being removed to diseased 
soil. Three plants were placed in each receptacle, and five receptacles 
containing resistant plants and three containing susceptible plants 
were used. The receptacles were kept at 20° air temperature for 24 
hours before they were placed in the tanks. 

Beginning 9 days after transplanting, observations were made at 
intervals until the plants had been in diseased soil for 30 days. 
The results are shown in Table 4 and Figures 1, 2, and 3. It will be 
noted from an examination of Figure 2 that beginning at a soil tem¬ 
perature of 24° C. and continuing to 33° there is very little difference 
in resistance between the plants of the resistant strain and those of 
the susceptible. Even less disease occurred in the latter strain at 
33° than in the resistant strain, no disease being evident in any of the 
9 plants of the commercial strain, whereas 3 of the 15 plants of the 
resistant strain showed yellows, 2 of them having succumbed to the 
disease. At 21°, however, there was a striking difference in the 
percentage of diseased plants in the resistant and susceptible strains, 
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33 per cent showing disease in the Wisconsin All Seasons at this 
temperature as compared with 89 per cent in the Commercial All 
Seasons plants. 


Table 3. —Effect of high soil temperature and low soil moisture upon the developmenl 
of yellows in cabhcige plants—siunniavy of four experiments 


' 

Varietj^ 

1 

Age of 
Date of ; plants 
transplanting ’ in 
days 

Soil 

tem¬ 

pera¬ 

ture 

before 

trans¬ 

plant¬ 

ing 

Air 

tem¬ 

pera¬ 

ture 

Soil 

tem¬ 

pera¬ 

ture 

after 

trans¬ 

plant¬ 

ing 

Num¬ 

ber 

of 

days 

in 

sick 

soil 

Num¬ 

ber 

of 

plants 

Per 

cent 

dis¬ 

eased 

Per 

cent 

dead 

Remarks 


1 


“C. 







Wisconsin: All Sea- 1 Jan. 22,1923 i 60 

12-15 

25-28 

20-23 

60 

50 

a 27 

20 

In flats 

sons. 














[ 24 

23 

4 

100 

75 

1 

Wisconsin: Hoi- 

Jan. 26,1923 55 

14-16 

20-23 

{ 28 

23 

4 

100 

100 

■In tanks. 

lander. 




1 32 

23 

4 

100 

50 

1 

Commercial IIol- 

_do. 55 

14-16 

20-23 

24 

23 

12 

100 

80 

Do. 

lander. 

Wisconsin All Sea- 

Mar. 9,1923 i 82 

16-18 

28 

28 

45 

20 

57 

46 

Do. 

sons. 










Commercial All 

.do. 82 

16-18 

28 

28 

45 

10 

90 

90 

Do. 

Seasons. 

' 




1 


1 



Wisconsin AH Sea- 

Apr. 4,1923 90 

15-22 

28 

28 

23 

36 

15 

11 

Do. 

sons. 










Wisconsin All Sea- 

Apr. 28,1923 , 60 

20-22 

24 

24 

33 

48 

50 

32 

Do. 

sons. 










Commercial All 

.do.: 60 

20-22 

24 

24 

33 

16 

100 

100 

Do. 

Seasons. 

1 










« Plants in flats of diseased soil where soil temperature and soil moisture were not under control 


Table 4, —Effect of temperature on the development of yellows in Wisconsin All 
Seasons and Commercial All Seasons cabbage plants 

WISCONSIN ALL SEASONS 


Percentage of plants diseased or dead after— 


Soil temperature 
CC.) 

Number | 9 days 
of plants 1 

12 days 

15 days 

18 days 

21 days 

24 days 

27 days 

30 days 

< 0 

Si 

'-d t 

Diseased 

Dead 

Diseased 

a 

Diseased 

1 

Q 

Diseased 


Diseased 

Dead 

Diseased 

Dead 

Diseased 

Dead 

Diseased 

Dead 

15... 

15 1 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

IS.. 

15 ! 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 7 

0 

21 __ 

15 j 0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

13 

0 

33 

0 

33 

0 

24.. 

15 ; 0 

0 

6 

0 

13 

0 

27 

0 

40 

0 

47 

0 

59 

27 

66 

27 

27. 

15 7 

0 

27 

0 

33 

0 

46 

6 

60 

20 

70 

52 

70 

70 

77 

70 

30--. 

15 ■ 0 

0 

13 

0 

27 

0 

52 

7 

60 

40 

67 

52 

70 

59 

70 

59 

33... 

15 ! 0 

0 

13 

0 

13 

0 

13 

0 

20 

0 

20 

0 

20 

13 

20 

13 


COMMERCIAL ALL SEASONS 


5. 

1 

.i 9 

0 

0 

0 

0 , 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

,8. 

. 1 9 

0 

0 

0 

0 j 0 

0 

0 

0 

0 

0 

0 

0 

11 

0 

22 

0 

21.-. 

. 9 

11 

0 

22 

0 t 22 

0 

22 

0 

33 

0 

44 

0 

78 

33 

89 

33 

24... 

.; 9 

11 

0 

33 

0 i 44 

0 

67 

11 

67 

22 

67 

67 

67 

67 

67 

67 

27. 

-.' 9 

11 

1 0 

1 22 

0 ' 22 

0 

33 

11 

78 

33 

1 78 

44 

78 

55 

78 

55 

m . 

. 9 

11 

i 0 

1 33 

0 33 

0 

44 

22 

78 

22 

' 89 

66 

89 

66 

89 

66 

33 . 

9 

0 

i 0 

1 

1 0 

0 0 

0 

0 

0 

11 


i 11 

0 

11 

0 

1 11 
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On© plant sU.thtIy diseased. 
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The curves for plants killed by yellows, shown in Figure 1, parallel 
those for percentage of disease quite closely up to 24° C., but a 
difference in percentage of plants killed by yellows at 24° is observed 



Fig.' ri.—Comparison of the death rate from yellows of Commercial 
All Seasons and Wisconsin All Seasons plants grown for 30 days in 
naturally infested soil. (See Table 4) 


comparable to the percentage of disease shown in Figure 2 at 21°. 
xllthough at 27° a higher percentage of plants of the resistant Wis¬ 
consin strain were killed than of the more susceptible commercial 
strain, the curve for death of the latter has two maxima, one at 24° 



Fig. 2 .—Comparison of the development of yellows in Commercial 
All Seasons and Wisconsin All Seasons plants grown 30 days in natu¬ 
rally infested soil. (See Table 4) 


and the other at 30°. These results differ from those obtained by 
Tisdale (14), who found 29° to be the optimum temperature for 
yellows development in the Wisconsin Hollander variety and 26° for 
plants of the Commercial Hollander. The curve would probably be 
straightened somewhat if the average of several experiments was used. 
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The ittcubation period of the disease varied a good deal in the two 
strains with the temperature of the soil. For exarnple, as shown in 
Figure 3, B, at a soil temperature of 21° the maximum percentage 
of disease was reached in the Wisconsin All Seasons plants 27 days 
after transplantation to diseased soil, whereas the maximum among 
the susceptible plants was not reached until the thirtieth day. The 

highest percentage of 
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disease at 24® devel¬ 
oped in the susceptible' 
strain on the eight¬ 
eenth day, but in the 
resistant strain the 
highest percentage was 
not reached until the 
thirtieth day, although 
the same percentage of 
disease developed in 
both strains. In Fig¬ 
ure 3, A, it is shown 
that a higher percent¬ 
age of plants were 
killed in the resistant 
strain at 27® than in 
the commercial strain. 
However, at 24° the 
reverse was true, 
although the same 
amount of disease^was 
present in both strains 
at this temperature. 
It has been noted 
throughout the course 
of these investigations 
that, although there 
may be a high percent¬ 
age of disease among 
the plants of the resist¬ 
ant strains, the per¬ 
centage killed is usu- 

. _ ally much smaller than 

in the commercial strains. And this is more striking at 21® and 24®, 
which represent most nearly the extreme of the mean soil temperature 
ordinarily encountered in the field. 

RELATION OF SOIL AND AIR TEMPERATURES TO THE DEVELOP¬ 
MENT OF YELLOWS IN CABBAGE SEEDLINGS 

Clayton (7), in his study of the effect of soil temperature on the 
development of tomato wilt, found that the optimum temperature 
for ^owth of the disease was about 29® C. Edgerton and Moreland 
(4) found that tomato wilt developed more slowly if the temperature 
was much below 29®. Clayton (^) grew tomato plants in soil at 
tempe^tmes of 17 , 27®, and 33® at each of three air temperatures, 
namely, 17 , 27 , and 33®, and found that of the nine combinations 
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Fig, 3.—Comparison of the rate at which yellows developed in Com¬ 
mercial All Seasons and Wisconsin All Seasons plants grown in 
naturally infested soil at different temperatures, (See Table 4) 
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of air and soil temperatures only two produced wilt to any appreci¬ 
able extent. These were (1) soil and air temperature both 27°, and (2) 
soil 27° and air 33°. When the plants were kept at a high soil temper¬ 
ature and a comparatively low air temperature the vascular bundles 
of the plants became discolored from the ground line downward, 
showing that the parasite had penetrated the lower parts of the 
plant, but no symptoms of wilt appeared above the ground line. 
Plants from a soil and air temperature of 33° showed only very faint 
traces of wilt and slight discoloration of the vascular bundles. These 
results seem to indicate that the tomato-wilt organism is unable to 
penetrate to any great extent those parts of the plant which are 
surrounded by cool air, that is, air at about 17°. 



With these results in mind, the following experiment was conducted 
with cabbage plants of Wisconsin Hollander and Commercial Hol¬ 
lander strains 77 days old. Lot 1 consisted of plants of both strains 
grown in healthy soil at air and soil temperatures of from 12° to 16° 
C., and lot 2 of plants grown at 25° to 28° air and soil temperature. 
Both lots were transferred to receptacles containing diseased soil as 
previously described. 

The temperature of the air in the three greenhouse rooms was 
controlled to within fairly narrow limits except in the high-tempera¬ 
ture house, where it could not be kept under perfect control during a 
season of exceptionally cold weather. Hourly temperature records 
were kept in three houses. Figure 4 shows a representative weekly 
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record for each of the three houses, and Figure 5 represents the 
mean daily temperature for each house during the 30 days of the 
experiment. It was planned to keep the high-temperature house 
at 28°, but the excessively cold w’eather brought the mean average 
down to 25°; the temperatures of the other houses were maintained 
at a mean average of 19° and 14.5°, respectively. 

The results of this experiment are given in Table 5 and Figure 6. 
The disease developed more rapidly and in most cases was more 
severe in lot 1, plants grown at 12° to 16° C. before transplantation, 
than in lot 2, plants grown at 25° to 28° before transplantation. 
This is brought out strikingly in Figure 6, A, the plants in 6 (lot 2) 
being only slightly diseased while those in a (lot 1) were severely 
attacked, two of them having succumbed. This would seem to 


7 Af 2/ za z ^ 



indicate that plants grown at higher temperatures before being 
transplanted to diseased soil are more resistant than those grown at 
lower temperatures. 

Harvey (d), in his studies of the hardening process in plants, found 
that cabbage plants hardened for five days at 3° 0, were rich in I'educ- 
ing sugars as glucose, and disaccharides as sucrose when compared 
with nonhardened plants grown at 18° to 25°, which contained a 
higher percentage of polysaccharides as starch. The hardened 
plants contained 7.64 per cent carbohydrates as compared with 5.16 
per ceiit iii the nonhardened plants. Lidforss {11) found this pre¬ 
dominance of monosaccharides and disaccharides to be a common 
transformation in plants during the cold seasons. Hasselbring and 
Hawkins (7) found a similar condition in sweet potatoes kept at 
low temperatures- Rosa {!%) found that the pentosan content of 
hardened cabbage plants is distinctly greater than that of non¬ 
hardened plants. Both of these investigators concluded that there 
is a slightly lower percentage of moisture in hardened cabbage 
plants than in plants grown at the higher temperatures, and Harvey 
1$) indicates that in the hardened plants there is an increase in total 
and phosphorus. 





Fig. 6 

A. —Commercial Hollander plants grown in healthy soil for 77 days before transplanta¬ 
tion to naturally infested soil in tanks, at soil temperature of 21® C. and air temperature of 
28®: a, Plants grown at 12® to 16® before transplanting; plants grown at 25® to 28® before 
transplanting. Note in a that all three plants are diseased and two are dead; in 6 two are 
very slightly diseased 

B. —Commercial Hollander plants kept on diseased soil for 30 days at a soil tem^ratuxe of 
21® C.: a. At air temperature of 25° all plants dead; 6, at air temperature.of 19® one plant 
diseased, the others healthy; c, at air temperature of 14.5® no disease evident 

C. -~Wisconsin Hollander plants kept in diseased soil for 30 days at a soil temperature 
of 21® C. Of 9 plants kept at a daily average air temperature of 25®, 7 dead, 2 severely 
(liS6£lS6(} 

D. —Wisconsin Hollander plants kept at a daily average air temperature of I4.5°,’’all 
plants healthy 
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T\ble 5 ._ Effect of different soil and air temperatures upon the development of 

cabbage yellows 


f Plants of lot 1 were grown at 12® to 16® C. for 55 days before transplantation to diseased soil; those cf 
^ lot 2 were grown for the same length of time at 25 to 28°j 

WISCONSIN HOLLANDER 




Lot 1 



Lot 2 



Soil 


Per 

Per 

Per 

Per 


Per 

Per 

Per 

Air tern- 

tern- 

Total 


cent 

cent 

Total 

cent 

cent 

cent 

perature 

pera- 

dis- 

dis- 

dis- 

cent 

dead 

after 

30 

days 

dis- 

dis- 

dis- 

i\0,) 

ture 

C“C.) 

num¬ 
ber of 
plants 

eased 

after 

18 

eased 

after 

24 

eased 

after 

30 

num¬ 
ber of 
plants 

eased 

after 

18 

eased 

after 

24 

eased 

after 

30 




days 

days 

days 


days 

days 

days 


f b"' 

9 

0 

0 

0 

0 

9 

0 

0 

0 

U.5.' 

21 

9 

0 

22 

«22 

0 

8 

0 

0 

0 

] 27 

8 

12 

37 

37 

25 

7 

0 


37 


\ 

9 

0 

0 

0 

0 

9 

0 

0 

0 

19.. 

21 

S 

12 

24 

60 

37 

9 

0 

0 

0 

1 27 

8 

24 

36 

72 

48 

8 

12 

36 

60 


} 15 

9 

0 

0 

I 0 

0 

9 

0 

0 

0 


21 

8 

24 

48 

74 

36 

8 

0 

12 

24 


t 27 

8 

i 48 

72 

84 

60 

8 

12 

30 

48 


Per 

cent 

dead 

after 

30 

days 


0 

0 

12 

0 

0 

24 

0 

12 

36 


COMMERCIAL HOLLANDER 


15 1 

3 

0 

0 

0 

0 

3 1 

0 

0 

0 

0 

21 1 

3 

0 

0 

0 

0 

3 i 

0 

0 

0 

0 

27 j 

3 

33 

66 

100 

100 

3 1 

33 

66 

100 

100 

15 1 

3 

0 

0 

0 

0 

31 

0 

0 

0 

0 

21 1 

3 

0 

33 

66 

66 

3 I 

0 

0 

33 

0 

27 ' 

3 

66 

100 

100 

100 

3: 

33 

06 

100 

100 

15 ! 

3 

0 

0 

0 

0 

3 

0 

0 

0 

0 

21 ! 

3 

100 

100 

100 

100 

3 

0 

33 

66 

66 

27 j 

3 

100 

100 

100 

100 1 

3 

33 

66 

100 

100 


« Two plants in this lot showed only slight yellow’ing with no dwarfing, distortion, or shedding of leaves 
as is typical of the disease at the higher temperatures, but the fungus was found in the main stem and 
the petioles of the older leaves. 


It is uncertain whether the changes taking place in cabbage plants 
exposed to relatively low temperatures bear any significant relation 
to the differences in percentages of disease among plants grown at 
higher temperatures. The temperature at which Harvey and Rose 
hardened their plants was much lower than that used in the experi¬ 
ment just described, 12® to 16® C. However, it seems likely that 
changes of the same general nature may occur in plants when grown 
at somewhat higher temperatui’es. 

When the temperature of the soil was kept constant the rapidity 
with which yellows developed varied greatly with changes in the 
temperature of the air. At the highest soil and air temperature all 
of the Commercial Hollander plants of lot 1 were dead after 12 
days, followed soon by lot 2 and by lot 1 of the Wisconsin Hollander 
plants, which were all diseased except 1 after 15 days. In the 19® 
house. the incubation period of the disease lasted several days longer 
than in the 25® house, but was about the same as in the 14.5® .house. 

The effect of varying the air temperature while the soil tempera¬ 
ture remains constant is well illustrated by Figure 6, B. Here the 
three receptacles were kept for 30 days at a uniform soil temperature 
of 21^, The plants in a were held at an average air temperature of 
25®, thme in 5 at'19®, and those in g at 14.5®. At the end of the 30 
dsysr all of the plants in a were dead; of those in h one was slightly 
dise^ed and the others were healthy; in c no disease appeared. 
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Figure 6, C and D, shows even more strikingly the influence of air 
temperature on yellows development. Both lots of the Wisconsin 
Hollander plants shown in this figure were kept at a soil temperature 
of 21° C.; but the plants in C were kept at an average air temperature 
of 25°, whereas those in D were kept at an average air temperature 
of 14.5°. In C all of the nine plants were dead or diseased, but in 
D the plants showed no symptoms of disease. 

No disease symptoms were evident in the Commercial Hollander 
plants in either lot 1 or lot 2 in the 21° tank in the 14.5° house. But 
upon examination it was found that the vascular bundles of these 
plants were discolored and contained the mycelium of the yellows 
fungus up to 2 inches above the soil line. The following experiment 
was conducted to ascertain whether plants of the susceptible strains 



would consistently exhibit this lack of typical yellows symptoms 
when grown at high soil temperature and low air temperature. 

In each of 16 receptacles containing diseased soil were placed four 
plants of the Commercial Hollander strain 40 days old. Eight of 
these mceptacles were then put in the 21° tanks of the 28° house and 
eight in the 21° tanks of the 14° house. In the 28° house yellows 
appeared on the eighth day, and by the twenty-second day 92 per 
cent of the plants were diseased; in the 14° house the first symptoms 
of disease appeared on the eighteenth day, after which the disease 
progressed slowly until the thiry-fourth day. The results of this 
experiment are shown in Table 6 and Figures 7 and 8. The differ¬ 
ence in percentage of plants killed and the rate at which they were 
killed is pronounced. The death curve (fig. 8) parallels the disease 
curve (fig. 7) quite closely in the 28° house, but in the 14° house there 
is little similarity between the two. In this house the first plant was 
not killed until the twenty-sixth day, and after 37 days 72 per cent 
•of the original number still survived'. 
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Tole 6 .— Variatiom in siisceptihility between two lots of Commercial Hollander 
cabbage seedlings grown at a soil temperature of 21° C. and air temperatures of 
28° and 14 ° respectively 

PER CENT DISEASED 



After 

After 

After 

After 

After 

After 

After 

After 

AfUiV 

After 

After 

Air tempera* 

1 , 7 

10 

13 

16 

19 

22 

25 

28 

31 

34 

37 

niro (° C.) 

1 plants 

days 

days 

days 

days 

days 

days 

d.'iys 

days 

days 

days 

‘7S _ 

-i 32 i 0 , 

20 

32 

64 

80 

92 

92 

92 

92 

92 

92 

]4... 

J 32 1 0 

0 

0 

0 

4 

8 

12 

36 

1 

56 

76 

76 


PER CENT DEAD 


J 32 i 

0 i 

4 

10 

30 

52 

68 

80 

80 

SO 

80 

SO 

-1 32 1 

0 i 

0 

0 

0 

0 

0 

0 

4 

4 

16 

28 


In all of the experiments conducted by the writer no case was 
found where the yellows disease developed at a soil temperature as 
low as 15° C. Since the yellows fungus is found in the roots of many' 
plants grown at a soil temperature of 15°, it was believed that if the 
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Fkj. S.—Comparison of the death rate in two lots of Commercial 
Etollander cabbage seedlings kept at a constant soil temperature 
of 21® C. and air temperature of 14° and 28°, respectively. (See 
Table 6) 


plants were grown at a high air and low soil temperature the fungus 
might penetrate the parts of the plants exposed to the warm air, 
but experiment proved that such was not the case. The fungus was 
found to be present in the tap roots of many of the plants tested but 
never above the soil line in the stems. 

In Ifee experiment next to be described the soil moisture was kept 
at stout 27 per cent of the dry weight, or 60 per cent of the moisture- 
tolding capacity, Wisconsin Hollander and Commercial Hollander 
plants grown in healthy soil for 62 days at 20° to 23° C, were trans- 
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planted to receptacles containing naturally infested soil, two plants 
to each can. These plants were healthy in appearance and about the 
size of those commonly used for transplanting to the field. The 
plants were kept for 30 days at soil temperatures ranging from 15° to 
33° in increments of 3°. 

Table 7. —Comparatwe resistance to Fusarium conglutinans of Wisconsin Hollander 
and Commercial Hollander cabbage plants grown in naturally infested soil at 60 
per cent nioisture-holding capacity for 30 days 

WISCONSIN HOLLANDER 



15. 

1 

^ i 

0 

0 i 

0 1 

0 

0 

0 

0 

0 1 

0 

0 
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0 

IS. 

6 I 

0 

0 1 
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0 

0 
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0 
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0 

21. 

fi 
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0 


0 
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0 


0 : 

33 

0 

50 

0 


6 

17 1 

0 

33 

0 

83 

17 

S3 

33 , 

100 1 

50 

100 

83 

27.1 

6 

0 I 

0 i 

33 

0 

60 

0 

.50 

33 

100 1 

50 

100 

100 

30. 

6 

33 

0 I 

100 

0 

100 

06 

100 

1 100 1 

100 : 

100 

100 

1 100 

33. 

6 

17 

0 1 


0 

17 

0 

33 


33 

17 

67 

33 


The results of this experiment, given in Table 7 and Figure 9, are 
strikingly different from those in most of the preceding work. Here 
for the fu’st time are conditions in which the differences in resistance 
between the plants of the so-called “resistant” and “susceptible” 
strains approximate those in the field. A much smaller percentage of 
disease was present in the plants of the resistant strain at all tempera¬ 
tures favorable for its development, and the number of deaths was 
strikingly few^er. Although at 27° and 30° there was a compara¬ 
tively high percentage of disease in the Wisconsin Hollander plants, 
the amount of disease fell off I'apidly at 24° and 33°, and at 21° none 
of the 10 plants was diseased. But at 24°, 27°, and 30° all of the 
susceptible plants were diseased, the number of diseased plants 
decreasing rapidly below 24°. At 18° there was no disease in either 
strain. 

Something of this difference in susceptibility between the resistant 
and commercial strains is brought out in Figure 10. The three 
receptacles on the left in each case contain Commercial Hollander 
plants and the three on the right contain Wisconsin Hollander. 
Of the resistant plants shown in Figure 10, A (right), one was slightly 
diseased, whereas of the susceptible plants four were diseased and 
one was dead, ilt 30° (B) the disease was fatal to all plants of the 
susceptible strain and to two of the resistant strain, the other four 
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being diseased. At temperatures of 27®, 24®, and 21® the difference 
in susceptibility is so obvious as to need no discussion. 

These results may be correlated with those obtained under field 
conditions. In general, the mean average soil temperature during 
the critical period of growth of the cabbage, June, July, and August, 
at Racine, Wis., lies between 18® and 24® C. If the mean average 
soil temperature remains about 20® to 21® there is little disease in the 
plants of resistant strains and from 40 to 80 per cent in those of the 



susceptible strains. If the temperature goes up to about 24® the 
percentage of disease goes up also, these changes depending somewhat 
upon moisture as well as upon soil-temperature conditions. 

RELATION OF SOIL MOISTURE TO THE DEVELOPMENT OF 
YELLOWS IN CABBAGE SEEDLINGS 

Only one experiment was conducted to test the effect of soil 
moisture on the development of yellows in cabbage, and the results 
obtained were too variable to be of much value. But it may be 
mentioned that these results are in accord with those of Tisdale 
who found that the disease is more severe in soils of compara- 
moisture content. Under conditions of proper soil moisture 
tie cabbage plants seem to make better growth and are more resistant 
to the attack of the yellows fungus. 
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Fio. 10—Wisconsin Hollander and Commercial Hollander plants grown in healthy soil for 62 
days before being transplanted to diseased soil kept at 60 per cent of the moisture-holding 
capacity for 30 days at different temperatures. The three receptacles on the right contain in 
each case six plants of the resistant strain and the three on the left contain in each case six of the 
susceptible strain 

A. —Soil temperature, 33® C. One of the resistant strain and four of the susceptible strain 
diseased; one of the latter strain dead 

B. —Soil temperature 30® O. Four of the resistant variety diseased, two dead; all of the 
susceptible variety dead 

C. —Soil temperature, 27® C. Four of the resistant strain slightly diseased, all the susceptible 
plants dead 

D. —Soil temperature, 24® O. One of the resistant strain diseased, all of the susceptible strain 
dead 

E. —Soil temperature, 21® C. All of the resistant strain healthy, and three of the susceptible 

variety diseased i 
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It was noted by Jones and Gilman {8) and later by Tisdale {Uf) 
that severe attacks of yellows are associated with hot, dry weather. 
Gilman (J) showed that the incubation period of the disease ranged 
from 14 days, when the mean daily temperature 6 inches below the 
soil was 23® C., to 20 days when the mean daily temperature at the 
same depth was about 20®. In 1919 Tisdale transplanted Commer¬ 
cial Hollander seedlings to a soil where the daily temperature 4 inches 
below the surface was 25®, and 13 days later he found 30 per cent 
diseased. He concluded that the length of the incubation period 
might be as low as 12 days when the mean soil temperature was 20®. 



10 15 20 25 30 5 10 15 20 25 30 >4 9 14 19 24 29 

JUNE JULY AUGUST 


Fig. n.—SummaiT of data from experimental plots at Eacine, Wis., 
for June, July, and August, 1922 and 19^, A, mean average daily 
soil tempemtin'e at a depth of 4 inches; B, percentage of diseased 
piants^ in both resistant and susceptible strains; C and D. daily 
precipitation 


He also found that lowering the moisture content of the soil increased 
to a considerable extent the quantity of disease. 

Obser^tions on the development of yellows in the experimental 
plots at Eacme, Wis., in 1922 and 1923 made by the winter tend to 
corroborate those of Gilman and Tisdale. It was noted in 1922 that 
dunng a hot, dry period about the middle of July a comparatively 
mgn percentage of yellows developed in some of the most resistant 
strains, but that during the latter part of the month when the soil 
teraperatures were considerably lower and rain fell abundantly many 
ot the diseased plants completely recovered, and a little later when 
the counts of d^ease were made the actual percentage of yellows was 
lower than in the same plots two weeks earlier. 

n coil elating the temperature of the soil with the development of 
yellows m the experimental plots in 1922 and 1923, an atteWt was 

quantity of rainfaU during July and 
• critical period for the development of the disease, might 
,rm% have influenced the occurrence of Fusarium in the seedlings. 
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The. results were not conclusive, but they rather indicate that the 
total rainfall during these months is a factor in the development of 
yellows. In 1922 the mean soil temperature for June, July, and 
August was about the same as for the same period in 1923, but the 
quantity of rainfall was much smaller in 1922, and the percentage 
of yellows in the experimental plots was much greater. 

in 1922 some 32 strains were tested and in 1923 the number was 
increased somewhat, but only the more representative are included 
in the data given in Tables 8 and 9. The average percentage of 
disease in the resistant and suceptihle strains is shown in Figure 11, 
B; the mean average soil temperatures at a depth of 4 inches from the 
surface for June, July, and August, 1922 and 1923, are given in 
Figure 11, A; and the total daily precipitation in inches, as taken 
from the United States Weather Bureau records (Racine office) for 
the same months in 1922 and 1923 (IJ), are shown in Figure 11, C 
and D. 

Three features of Figure 11 are apparent at a glance: (1) The mean 
average soil temperature for the critical periods of 1922 and 1923 are 
very similar, the mean for the period being 21.1^ C. in 1922 and 21.3^ 
in 1923; (2) the amount of rainfall during the summer of 1922 was 
considerably less than that of 1923; and (3) the average percentage of 
yellows in both the resistant and susceptible strains was higher in 
1922 than in 1923. Especially is this difference in disease evident in 
the resistant strains, the actual percentage being 13 in 1922 and 7.4 
in 1923. This would seem to indicate, that the decreased rainfall 
during the summer of 1922 might account in part at least for the 
increased percentage of disease over that of the following year. 

Table 8 ,— Summary of field observations on the experimental plots at Racine, Wis., 

1922 


Strains 

Total 
num¬ 
ber of 
plants 

July 3 

July 11 

July 19 

July 31 

Num¬ 

ber 

dis¬ 

eased 

Per 

cent 

dis¬ 

eased 

Num¬ 

ber 

dis¬ 

eased 

Per 

cent 

dis¬ 

eased 

Num¬ 

ber 

dis¬ 

eased 

Per 

cent 

dis¬ 

eased 

Num¬ 

ber 

dis¬ 

eased 

Per 

cent 

dis¬ 

eased 

Susceptible: 










All Seasons. 

254 

31 

12.0 

153 

60.0 

188 

74.0 

180 

70.0 

Glory. 

246 

47 

19.0 

181 

73.0 

217 

88.0 

210 

85.0 

All Head No. 1. 

247 

66 

26.0 

1 ^ 

79.0 

197 

79.0 

186 

75.0 

All Head No. 2. 

89 

38 

42.0 

78 

87.0 

82 

92.0 

74 

83.0 

Copenhagen No. 1. 

252 

78 

31.0 

237 

94.0 

248 

98.0 

227 

90.0 

Copenhagen No. 2. 

119 

66 

55.0 

114 

96.0 

118 

99.0 

117 

93.0 

Copenhagen No. 3. 

247 

65 

26.0 

239 

96.0 

240 

97.0 

221 

89.0 

Copenhagen Iowa No. 5. 

121 

10 

8.0 

52 

43.0 

55 ! 

45.0 

60 

50.0 

Resistant: 










W. H. 9-21 (1-3). 

555 

3 

.6 

12 

2.1 

21 

3.8 

4 

.7 

W. H. 8-21 (A-B). 

248 

1 

.4 

10 1 

4.0 

13 i 

i 5.2 

8 

3.2 

XXV-20-A. 

483 

1 

.2 

26 

5.4 

35 i 

7.2 

19 

3.9 

XXV-20-B.. 

369 

9 

1 2.4 

95 

25.7 

150 1 

40.6 

85 

23.0 

XXV-21-B. 

375 

i 1 ' 

1 -3 

1 40 

10.6 

68 1 

18.1 

30 

8.0 

XI-20 (1-2). 

498 

3 

.6 

t 76 

15.2 

124 1 

24.9 

56 

11.2 

XI-21 (2-5). 

1,427 

124 ! 

1 &7 

382 

26.7 

419 i 

29.3 

247 

17.3 

XXXV-20-4-. 

349 

1 44 

1 12.6 

130 

37.2 

145 

1 41.5 

107 

30.6 


22539—26 - 7 
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T 4 .BLE 9 —Summary of field observations on the experimental plots at Racine, 

Wis., 1923 


Strains 


July 11 

July 18 

July 26 

Aug- 9 

Aug 22 

num¬ 
ber of 
plants 

Num¬ 

ber 

yellow 

Per 

cent 

yellow 

Num¬ 

ber 

yellow 

Per 

cent 

yellow 

Num¬ 

ber 

yellow 

Per 

cent 

yellow 

Num¬ 

ber 

yellow 

Per 

cent 

yellow 

Num¬ 

ber 

yellow 

Per 

cent 

yellow 

Susceptible: 

Glorj’-.. 

652 

188 

29.0 

294 

45.0 

440 

67.0 

462 

71.0 

466 

71.0 

All Head.. 

351 

116 

33.0 

141 

40.0 

205 

58.0 

234 

66.0 

292 

83.0 

Mammoth Kock 












Red. 

366 

63 

17.0 

104 

28.0 

113 

30.0 

140 

38.0 

190 

52.0 

Hollander. 

254 

48 

19.0 

95 

37.0 

211 

83.0 

230 

90.0 

238 

93.0 


31 

10 

32.0 



21 

68.0 

28 

90.0 

28 

90.0 

Large Blood Red.. 

26 

4 

15.0 

4 

15.0 

8 

31.0 

12 

46.0 

18 

69.0 

Resistant: 












W. H. 9-22-1. 

360 

0 

.0 

3 

.8 

11 

3.0 

17 

4.7 

23 

6.4 

W. H. 8-22-A. 

170 

0 

.0 

0 . 

.0 

1 

.5 

5 

2.9 

5 

2.9 

W. H. 8-22-0. 

253 

1 

.4 

1 

.4 

3 

1.2 

17 

6.7 

28 

11,0 

XXV-22-A_ 

545 

2 ; 

.4 

2 

.4 

2 

.4 

2 

.4 

2 

.3 

XXV-22 (1-6). 

3,095 

14; 

.5 

18 

.6 

60 

1.9 

74 

2.4 

83 

2.6 

XXIV-22-2,3,4,8.- 

217 

1 : 

.4 

1 

.5 

0 

.0 

0 

.0 

0 

.0 

XL—22-1___ 

1,441 

0 

.0 

0 

.0 

0 

.0 

0 

.0 

0 

.0 

XL-23-G. C 

113 







20 

17.7 

41 

36.3 

Red Nos, 1 and 2.. 

809 

13 

1.6 

20 

2.5 

58 

7.2 

60 

7.4 

63 

7.8 

XXXV-22-1. 

983 

60 

6.1 

81 

8.2 

111 

11.2 

132 

13.4 

148 

15.1 

XXXV-22-2. 

1,179 

64 

5.4 

81 

6.9 

158 

13.4 

165 

14.0 

178 

15.1 

XXXV—22-6__ - - - 

1,432 

65 

4.5 

100 

7.0 

165 

11.5 

196 

13.7 

220 

15.4 

XXX-22-1_ 

976 

49 

5.0 

75 

7.7 

113 

11.6 

123 

12.6 

144 

14.8 

XXX-22-2. 

798 

38; 

4.7 

50 

6.3 

79 

9.9 

100 

12.5 

111 

13.9 

XXX-22-4. 

710 

30 

4.2 

1 

41 

5.7 

52 

7.3 

61 

8.6 

67 

9.4 


SUMMARY 

In the experiments herein described the writer has studied the 
effect of environmental factors upon the expression of the resistant 
quality in cabbage ,exposed to attacks by the fungus Fusarium 
conglutinans. 

It was found that young seedlings of Wisconsin All Seasons and 
Commercial All Seasons strains were almost equally susceptible to 
yellows up to the age of 20 days. 

A high percentage of plants of the most resistant varieties became 
diseased when placed under conditions of low soil moisture and 
relatively high soil temperature, 27° to 33° C., but from 21° to 24°— 
the temperatures nearest those encountered in the field in the Racine, 
Wis., cabbage-growing section—the “resistant^’ varieties contracted 
the disease only slightly. No evidence of yellows development was 
noted at a soil temperature of 15° and only a comparatively small 
percentage developed at 18°. 

Cabbage plants of both ‘^resistant” and “susceptible^^ strains 
grown in healthy soil at 12° to 16° C. before transplantation to 
diseased soil at a higher temperature (27°) proved to be more sus¬ 
ceptible to yellows than plants grown at 25° to 28°. 

Air temperature affects yellows development independently of soil 
temperature. Wisconsin Hollander and Commercial Hollander 
plants were grown in naturally infested soil at soil temperatures of 
15°, 21°, and 27° C. in each of three greenhouse rooms kept at 14.5°, 
19° and 25°, respectively, for 30 days. At a soil temperature of 27° 
the disease developed most rapidly in the 25° chamber and slightly 
more slowly in the 19° and 14.5° chambers, but the final percentage 
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of disease was about equal in the three. At a soil temperature of 
21° the disease developed most rapidly in the 25° room and less 
rapidly in the 19° room, and the disease was very slight in the 14.5° 
room. 

Commercial Hollander plants were grown in diseased soil at a soil 
temperature of 21° C. and at air temperatures of 14° and 28°. Yel¬ 
lows developed much more rapidly, a larger percentage of plants 
were diseased, and a much greater number of plants were killed by 
the disease at an air temperature of 28° than 14°. 

A study of field conditions for two years and a limited amount of 
greenhouse experimentation show that the quantity of rainfall ap¬ 
parently affects the amount of disease independently of soil tempera¬ 
ture relations. In the summer of 1922 the soil temperatures at 
Racine, Wis., averaged somewhat lower than in 1923, but the total 
percipitation was considerably less in 1922 and the average percentage 
of disease was considerably higher. 
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PHYSIOLOGICAL STUDIES OP THE EFFECT OF AR- 
SENICALS ON THE RESPIRATORY METABOLISM OF 
INSECTS‘ 

By David E. Fink ^ 

Assistant Entomologist, Truck-Crop Insect Investigations, Bureau of Entomology, 
United States Department of Agriculture 

INTRODUCTION 

In previous investigations (7)^ it was established that during the 
embryonic development and metamorphosis of injects, the average 
oxygen consumption and carbon dioxide output, when plotted against 
time, produced graphs which in general indicated an increase in the 
gaseous exchange from a minimum during early development to a 
maximum^ as developmental processes terminated- The substance 
chiefly utilized as energy for an upbuilding of . the organism in the 
metabolic process was found to be reserve fat. -It was also shown 
that in consequence of histolysis the average results of the respiratory 
gas exchange when plotted as above produced graphs of a reverse 
order, indicating a maximum gaseous exchange at the beginning of 
histolysis and a minimum exchange as the histolytic process termi¬ 
nated. Kecently the type of metabolic activity that functions during 
starvation and hibernation of insects has also been indicated {8). It 
appeared, therefore, of considerable interest in a study of arsenicals 
to observe their action upon respiratory metabolism. 

If the information from such a study substantiates a relationship 
between susceptibility and physiological or metabolic activity, it may 
be possible to distinguish a degree of susceptibility to arsenical 
poisoning of tissues and organs, and to elucidate the factors involved 
in acquired tolerance of organisms to low concentrations of poison. 

In the literature, references to the influence of arsenicals upon the 
respiratory metabolism of insects appear to be entirely lacking. 
Shafer {11, 12) has indicated the inhibiting influences which sub¬ 
stances like gasoline, kerosene, carbon disulphide, hydrocyanic-acid 
gas, sodium fluoride, and others exert upon respiration and upon 
oxidases, catalases, and reductases. He found that the respiratory 
activity of treated insects increased until they became deeply affected, 
after which it was depressed. These gases also caused the value of 
the respirator}^ quotient to rise above that of normal animals. The 
conclusion derived was that these vapors depress the O 2 absorption 
more than they do the CO 2 excretion. Child (4), Hyman {9), and 
others have verified the inhibiting effect of potassium cyanide 
(KCN) upon the gaseous exchange in Planaria. Cunze {6) found a 


1 Received for publication July 3, 1926; issued, December, 1926, 

2 The writer acknowledges his indebtedness to L. 0. Howard, chief of the Bureau of Entomology, and 
to J. E. Oraf, in charge of Truck-Crop Insect Investigations, for their encouragement in the conduct of the 
studies herein reported. During the summer of 1925, the writer was ably assisted in the experimental 
work by H. Beerman, a student of medicine at the University of Pennsylvania. 

3 Reference is made by number (italic) to “Literature cited,” p. 1007. 
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reduction of the gaseous exchange as a result of the injection of 

arsenic trioxide in rabbits. , , n j . , 

In the present investigations an attempt lias been made to de- 
termine the influence that arsenical compounds and their component 
oxides and arsenic contents have upon the respiratory metabolism 

MATERIAL AND METHODS 

The material employed in these investigations consisted of the 
adult potato beetle, Leptinotarsa decemlineata Say, the garden wire- 
worm, PTieletes agonus Say, and third-stage larvae of the Japanese 
beetle, Popillia japonica Newman. 

Measurements of respiratory metabolism were made with a Krogh's 
manometer as modified by Bodine and Orr (1 ). Further minor modi¬ 
fications made by the writer consisted in widening the diameter of 
the shank to accommodate wider-mouthed respiratory chambers, in 
fusing a glass hook to the bottom of the shank from which the insect 
was suspended, and in increasing the length of the capillary tubes. 
This last modification enabled determinations to be made with com¬ 
paratively large insects. 

It is essential in respiratory investigations that basal metabolism 
be determined; hence the voluntary movements of insects under ex¬ 
perimentation were controlled by confining the insects in cotton 
gauze and tying them to eliminate body movements or muscle tonus. 
Wireworms, however, persistently worked themselves loose from 
gauze, and it was found convenient to use instead pieces of heavy 
unbleached rnuslin, which did not interfere with their normal respira¬ 
tion. The insects with body movements thus controlled were sus¬ 
pended from the small glass hook in the respiratory chamber of the 
manometer- They could be left in the chamber for 2 to 10 hours as 
the nature of the experiment demanded. Constant temperatures 
were mamtained by the use of a water bath in which the respiratory 
chambers of the manometer were immersed. 

The procedure in aU investigations was first to determine the 
normal rates of metabolism of an insect and afterwards to feed it 
poisoned foliage, or to place a known quantity of an arsenical solu¬ 
tion on the mouth parts to be absorbed by the insect, or to inject 
in the oral cavity the quantity of solution to be tested. In some 
experiments the insects were left on poisoned foliage for only a few 
hours and in others they were left from 10 to 16 hours before their 
metabolic rates were again determined. 

Uniform suspensoid solutions of lead arsenate, calcium arsenate, 
manganese arsenate, and ferric arsenate were made by using 0.145 
gm. of the • arsenical per 100 cubic centimeters of water (J). The 
calculations were based upon the average arsenic oxide content 
(32 per cent) present in the arsenical, such proportions being the 
equivalent of those used in field control of insects, namely, 2 pounds 
pf the arsenical to 50 gallons of water. The prepared solutions were 
sprayed on potato foliage by means of a fine syringe and the foliage 
was then fed to insects. For the purpose of uniformity only those 
insects were selected for metabolism determinations that indicated a 
consumption of poisoned foliage equivalent (approximately) to that 
^nsumed by insects that were feeding on foliage sprayed with a dif- 
f^ent arsenical. The results obtained from such experiments gave the 
effect produced by the arsenical compound on respiratory metabolism. 
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In determining the effect of the oxide component of the arsenical 
compound upon respiration, neutral suspensoid solutions (0.001 gm. 
per cubic centimeter of water) of lead oxide, calcium oxide, manganese 
oxide, and ferric oxide were prepared and fed to insects by means of 
a small graduated pipette having the tip drawn out into a fine capil¬ 
lary,^ similar in principle to the micro burette described by Camp¬ 
bell (^). A definite quantity of liquid (0.01 c. c.) was used in each case 
and was placed on the mouth parts of the insect in minute droplets, 
the liquid flowing from the pipette by gravity or slight mouth pres¬ 
sure at a sufficiently slow rate to be absorbed by the insect. 

For the purpose of determining the effect of the arsenical alone upon 
respiratory metabolism, neutral solutions of arsenious acid and of 
arsenic acid were fed to the insects by means of the graduated pipette 
already mentioned and also by means of a small hypodermic syringe, 
a definite quantity being injected in the oral cavity of the insect. 

Realgar (AS 2 O 2 ) and manganese arsenate were utilized chiefly 
because of their color property. It was thought that as portions of 
the poison upon which the insects fed became absorbed and dis¬ 
tributed in the body, their color (realgar is red, manganese arsenate 
is grayish brown) might prove of some aid in distinguishing their 
location in tissues and organs, but subsequent histological investiga- 
gations of insects fed on these agents did not substantiate this view. 

EXPERIMENTAL DATA 

For the sake of brevity and clearness the data of the experiments 
have been averaged and summarized in the accompanying tables 
and figures. For the methods used in calculating the results the 
reader is referred to the article by Krogh {10), 


Table 1 .—Average respiratory gas exchange of female potato beetles to which arseni¬ 
cals were fed for 16 hours 


Group 

No.® 

1 

1 

[ 

1 

Kind of feeding I 

1 

O 2 

intake 

Prob¬ 
able 
errori 

CO 2 

output 

Prob¬ 
able 
error ± 

CO 2 

02 

Prob¬ 
able 
error zt 

Per cent 
depression 

O 2 

CO 2 



! C.c. 


C. c. 




! 


Li. 

Normal—,.... 

> 64.00 

1.85 

37.15 

! 5.03 

0.580 

0.029 




Lead arsenate... 

! 58.59 

7.01 

42.60 

i 5.74 

.727 

.025 

8 

®-hl2 

La-.,— 

i Normal__ 

97.48 

4.92 

61.29 

1 7.20 

.628 

.013 




Lead arsenate. 

: 30.91 

8.34 

15.62 

2.75 

.505 

' .029 

68 

74 

La. 

Normal_ 

1 46.40 

2.64 

26.10 

3.45 

. 562 

1 .024 




! Lead arsenate..... 

i 50.50 

3.62 

37.00 

2.79 

.732 

.019 

+8 

-1-29 

L 4 - 

Normal_ __ 

} 56.80 

2.14 

44.70 1 

2.57 

.787 

.015 




Lead arsenate... 

: 55.70 

5.40 

41.40 ! 

2.29 

.743 

.037 

2 

7 

Ls. 

Starving... _ __ 

31.70 

1.90 

15.60 i 

2.12 

.492 

.017 




Lead arsenate.. 

24.10 

2.70 

10.70 ' 

3.74 

.444 

.033 

24 

31 

Lo. 

Normal_ _ 

1X0.68 

8.60 

87.15 

5.66. 

.787 

.013 1 




Manganese arsenate.. 

68.23 

9.36 

40.80 

7.40 

.597 

.033 

38 

54 

Lt. 

Normal____ 

113- 42 

2.15 

83.28 

2.58 

.734 

.024 




Realgar--. 

124.90 

2.96 

79.65 

2 . 20 ! 

.637 

,017 

+9 ^ 

4 

Lg. 

Normal___ 

105.66 

2.50 

83.49 

15.00 

.790 

.027 




Calcium arsenate. 

66.30: 

6.70 

47.80 

6.80 

.721 

.025 

37 ; 

42 

Lg. 

Normal_ 

136.45 

4.50 

99.20 

3.80 

.727 

.019 




Ferric arsenate. 

114.15 

3.20 

81.70 

2.70 

.717 

.021 

16 

17 


4 The pipette used by the writer was made of glass tubing 10 cm. long and 2 mm. inside diameter, the 
lip drawn into a fine capillary. A strip of millimeter paper was pasted the length of the tube and the 
pipette was calibrated with mercury. The liquid flowed by gravity, or by mouth pressure when a com¬ 
pensating tube was connected by rubber tubing to the capillary. 

« Li, La, L 4 , old beetles; La, La to Lg, young beetles; Ls, starving beetles. 

By “ depression ” is meant the deviation from normal metabolism attributable to the poison, 

«Plus sign before figure indicates an increase in percentage. 
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Table 2._ Average respiratory gas exchange 0 / male potato beetles to which arseni- 

cals viere fed for 16 hours 


Group 

Kind of feeding 

p2 

Prob' 

able 

CO 2 

Prob¬ 

able 

CO 2 

Prob¬ 

able 

Per cent 
depression'» 

No.« 

intake 

error d= 


error =h 


error d= 

O 2 

CO 2 

T,, 

j 

C. c. 
65.52 

3.11 

C.c. 

41.99 

7.20 

0.641 

0.043 





63.16 

1.19 

44.80 

5.10 

.709 

.046 

3 

® +6 

T.o 


116.80 

1.35 

78,09 

1.50 

.668 

.023 



' T/6ad RrsftTiat.e _ _ 

33.94 

1.89 

31.14 

3,54 

.917 

,019 

71 

60 

T'? 

1 Normal-_-_ 

66.00 

2.76 

47.70 

I 2.16 

.723 

.021 




} Lead arsenat.R . . _ _ 

56.80 

1.54 

38.90 

3.42 

.685 

.025 

13 

IS 

T'l 

! Starving -___ 

61.55 

2.86 

40.90 

3. 01 

.664 

.026 



i Tjend arsftnate, . - _ 

37.02 

3.21 

22.10 

1.92 

.596 

.038 

40 

46 

T 

' Normal_ 

107.60 

2.55 

77.05 

4.20 

.716 

.034 




1 IVIanganese arsenate_ 

61.00 

3.20 

41.20 

2.15 

.675 

.061 

43 

40 

^ ^15 

1 Normal- __ 

148.50 

2.67 

115.00 

3. 50 

.774 

.024 



j Realgar _ _ 

160.10 

2.21 

132.00 

2.30 

.824 

.016 

+7 

+12 

Lr 

! Normal- ___ 

71.15 

3.45 

69.13 

2.43 

.971 

.025 


! Calcium arsenate . _ 

18.10 

3.20 

18.10 

1. 76 

1.000 

.011 

74 

73 

Ls.. 

j Normal- _ 

92.60 

2.10 

74.10 

1.87 

.800 

.017 



1 Ferric arsenate__ 

50.80 

3.40 

33.60 

2. 37 

. 661 

.019 

45 

55 








1 



« Li, Ls, old beetles; L 2 , L 5 to Ls, young beetles; L 4 , starving beetles. 

By “depression” is meant the deviation from normal metabolism attributable to the poison. 
« Plus sign before figure indicates an increase in percentage. 


Table 3.— Percentage deviation from normal of the gas exchange of first-generation 
potato beetles fed different arsenicals 


Poison used 

Sex of beetles 

O 2 

intake 

CO 2 

output 

CO 2 
• Oa 


Female_ 

-68 

^74 

—19 

Do....... 

Male_ 

-71 

—60 

+18 
—S 

Calcium arsenate_______ 

Female - _ 

-37 

—42 

Do.. 

Male___ 

-74 

—73 

+;i 

—24 

Manganese arsenate______ 

Female _ _ 

—38 

-54 

—46 

Do_______ 

Male — ___ 

-43 

—5 

Ferric arsenate_______ 

Female _ 

— 16 

— 17 

— 1 

Do.... _ . 

Male - _ ___ 

—45 

i —55 

— 17 

Realgar....♦... _ _ 

Female - -- 

+9 

+7 

+4 

1 +12 

-i;i 

Do__- . - __ _ 

Male _ _ . 

+6 




Tables 1 to 3 indicate the average oxygen consumption, carbon 
dioxide production, and respiratory quotient ® resulting from normal 
feeding, and the rates after a certain period of feeding on sprayed 
foliage. The deviation from normal metabolism attributable directly 
to poisoned food has been calculated in terms of percentage and 
placed in a separate column (^'Per cent depression^')* These figures 
give a clear conception of the effect of the poison upon the insects 
under experimentation. 

RESULTS WITH LEAD ARSENATE 

Experimentally, the oxygen consumption and the carbon dioxide 
output of first-generation beetles (young insects) after feeding on 
poisoned foliage were persistently and profoundly lowered (Tables 
1 to 3), The reduction varied with different individuals; the average 
decline for young females (Table 1) was 68 and 74 per cent, and for 

^ * By *‘p^lratory quotient” is meant the ratio of tho CO 2 output to the O 2 intake, and is usually desig¬ 
nated as 














































Doe 1,1926 


Arsenicals and Respiratory Metaholism of Insects 


young males (Tabic 2) 71 and 60 per cent. Old beetles after feeding 
on sprayed foliage gave different results. In females the a\erage 
oxygen intake of three groups (Li, Ls, and L 4 ) as conapared to normal 
rates was practically unaffected; the CO 2 output, on the other hand, 
rose 17 per cent. In males the oxygen consumption decreased 8 per 
cent and the CO 2 output decreased 12 per cent A marked elevation 
in the respiratory quotient of young males ( 2 / per cent) was noted 
in these tests, whereas in young females a declme of 19 per cent 
occurred. No significant rise in the quotient of old males took pmce 
(4 per cent); old females, however, exhibited an mcrease of 19 per 

^^^he^effect that starvation may have on susceptibility to arsenical 
poisoning was also investigated. Male beetles, starved for a week 











FIG. l.-Normal rates of respaatory metaboH^ ot ^ aoups ol "teeing 

and afterwards placed on sprayed foliage, registered an mt®“se lower¬ 
ing of the oxygen intake and CO 2 output, amountmg to 40 and 46 
per cent, respictively. In femdes the reduction 
Ld 31 per cent. The theory that starvation may lead to physio¬ 
logical youngness would seem to be upheld by 

starved^beetles to arsenical poisonmg, a susceptibility comparable 
to that of young beetles, as discussed above. « . f 

When potato beetles survived for three days the effects of 
on sprayed foliage, it was possible to note the influ^ce which su^ 
feedmg produced on metabolism. From Figure 6 , D, it wiU be ob¬ 
served^that a gradual lowerii^ of the oxygen intake occurred du^ 
the entire period of the experiment, whereas a 

output took place during the first day, followed by a slight nse on 
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the seeond daj, a more decided reduction on tlie tliird day, atul 
finally by the death of the individual. In the same figure the curve 
for the respiratory quotient is gradually elevated during the first two 
davs, indicating that the substances catabolized were entirely differ¬ 
ent from those in normal metabolism. From the high quotient (0.8) 
and the dissolution of muscle tissues noted frequently in dissecting 
poisoned insects before death, it is surmised that muscle tissue 
destruction or protein metabolism very largely took place. 

The average loss in weight sustained by 37 individuals which fed 
on foliage sprayed with lead arsenate amounted to 13 per cent of 
their total weight. Contrary to expectation, this reduction was not 
so great as that sustained by beetles which were fed foliage sprayed 
with other arsenicals, as will be discussed later. In other experi¬ 
ments grains of corn soaked in arsenic acid solutions (0.0115 gm. 
per cubic centimeter) were placed with wireworms, and after the 
weworms had fed on the poisoned grain, measurements were made 
of the respiratory exchange. The oxygen intake and the CO 2 
output w^ere found to be reduced 24 and 18 per cent, respectively 
(Table 4). An increase of 6 per cent in the quotient was registered, 
but this is not considered significant. 


T.^ble 4 .—Average respiratori/ gas exchange of wireworms which were fed arsenicals 


Kind of feeding 

O 3 in¬ 
intake 

i 

Prob¬ 

able 

CO 2 

out- 

Prob¬ 

able 

1 

CO 2 

O 2 ' 

1 

Prob¬ 

able 

Per cent 
depression 

errord: i 

put 

eiTord: 

i 

errori 

O 2 

CO 2 

Nrtrmal _ _ 

0. c. 
121.20 

4.10 

C. c. 
86.60 

3.20 

0.714 

0.092 

i 


Lpfld arsfiiTinto _ _ 

91.70 

2.90 

70.10 

4.80 

.764 

.084 

24 

18 

Normal_ 

91.30 

3.10 

77.50 

2.80 

.848 

.047 

Calcium arsenate_ 

76.10 

3.80 

71.20 

1.90 

.936 

.036 

i 

16 

8 




RESULTS WITH CALCIUM ARSENATE 

First-generation females after feeding on foliage sprayed with 
calcium arsenate registered a lowering in oxygen intake and CO 2 
output of 37 and 42 per cent, respectively (Table 1); first-generation 
males showed a reduction of 74 per cent oxygen intake and 73 per 
cent CO 2 output (Table 2). Figure 2 gives a graphic representation 
of the results based on an average of 21 individuals. The influence 
of calcium arsenate on metabolSm when continued for a period of 
two days is shown in Figure 6, A.^ It should be explained that the 
gradual elevation of the oxygen intake as shown in this figure is 
attributable to the age of the insects and is comparable to the curve 
shown in Figure 1 for old beetles. The increase in CO 2 output 
occurs only on the fiust day and is followed by a marked depression 
on the second day. The quotient, however, continues to ascend for 
the entire period of the experiment, presumably indicating that the 
substances catabolized are similar in nature to those discussed under 
lead arsenate and are entirely different from those in normal metab¬ 
olism. The average loss in weight sustained by 18 insects amounted 
to 16 per ^nt of their total weight. 

TmtB similar to those with lead arsenate were conducted with 
calcium arsenate on wireworms (Table 4). A decrease in the oxygen 
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consumption and CO 2 output of 16 and 8 per cent, rcsi3ectively, is 
here shown. A significant rise in the quotient (9 per cent) took 
place. 

RESULTS WITH MANGAlsTESE ARSENATE 

The feeding of foliage sprayed with manganese arsenate likewise 
profoundly decreased the oxygen intake and CO 2 output of both 
sexes, as shown in Figure 3. The depression of the gaseous exchange 
in.females averaged 38 and 54 per cent, respectively (Table 1), in 
males 43 and 46 per cent (Table 2), and a decline in the quotient 
amounted in females to 24 per cent and in males to 5 per cent. 

Figure 6, B, shows the results of experiments in which manganese 
arsenate affected potato beetles for a period of four days. It will 



Fig. 2.—Normal rates of respiratory metabolism of first-generation male and female potato beetles, and 
effect produced on metabolism by the consumption of calcium arsenate 

be noted from the curves in this figure that a depression of the 
gaseous exchange occurred during the first two days, followed by 
an increase on the third day. A considerable decline in the CO 2 
output took place just before the death of the insects. The curve 
for the respiratory quotient parallels for most of its length the curve 
indicated for CO 2 production. The average loss in weight sustained 
by 28 beetles, attributable to arsenical feeding, amounted to 26 per 
cent. The curves in Figure 6, F, which are comparable in many 
respects to those for the adults (fig. 6, B), represent the reactions 
of larvae to similar tests. 

RESULTS WITH FERRIC ARSENATE 

With ferric arsenate the oxygen consumption and CO 2 production 
of females decreased only 16 and 17 per cent, respectively, but 
with males the depression was 45 and 55 per cent (Tables 1, 2, and 
3 and fig. 4). The respiratory quotient of females remained practi¬ 
cally normal, whereas in males it decreased 17 per cent. It is very 
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Fig. 3.—Normal rates of metabolism of potato beetles and effect of manganese arsenate on the oxygen 
intake and carbon dioxide output 



Fig. 4. Normal rates of metabolism and effect of ferric amenate on the oxvgen intake and carbon dioxide 

output of potato beetles 
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likely that the divergence in the normal condition of the sexes as 
shown in Tables 1 and 2 was a primary factor in the reactions of these 
insects to ferric arsenate, 

RESULTS WITH REALGAR (ARSENIC DISULPHIDE) 

Realgar produced entirely different results from the arsenicals 
noted above. Since both the oxygen intake and CO 2 output of the 
beetles were increased during the first day, it would seem that realgar 
had a stimulating effect on metabolism. The average increase in the 
oxygen consumption of females vras 9 per cent, in males 7 per cent. 
A decline of 13 per cent in the quotient in females occurred and a 
rise of 6 per cent in males (Tables 1 to 3 and fig. 5). Further proof 
of the stimulating effect of realgar is shown by the average increase 
in weight of 15 individuals, amounting to 0.9 per cent. The influence 
of realgar on metabolism when continued for a period of three days 
(fig. 6, E) shows that the respiratory exchange decreased profoundly 
(luring the last day. 

The toxicity of an arsenical usually depends upon its solubility, 
the facility with which it can be absorbed by protoplasm, and the 
rate at which it can be excreted. From unpublished data on the 
solubility of arsenicals in the digestive tract of insects, it appears 
that the first stimulating effect of realgar on the respiratory exchange 
is attributable to its slight solubility and absorption by the proto¬ 
plasm, and to its comparatively rapid rate of excretion. Further 
ingestion of realgar, however, finally brings about a cumulative 
effect and causes a depression of the gaseous exchange, as shown in 
Figure 6, E. This behavior of realgar may hold true also of any other 
arsenical which is ingested at first in very small quantities, or which 
like realgar has a comparatively low solubility and is rapidly excreted 
from the digestive system. 

Table 5. —Average respiratory gas exchange of potato beetles fed the oxide compo¬ 
nent of arseniced compounds 


Kind of feeding 

I 02in- ! 
take 

Proba¬ 

ble 

I ! 

CO 2 

[ output 1 

1 

Proba¬ 

ble 

error± 

CO 2 

O 2 

Proba¬ 

ble 

errordb 

I . 

Per cent 
depression 

errori 

1 O 2 

i 

CO 2 


Cu.mm. 


Cu.mm. 






Normal.... 

390 

3.21 

305 

2.65 

0.782 

0.032 



Lead oxide (with pipette). 

310 

2.15 

246 

1.88 

.793 

.025 

1 20 

19 

Normal... 

357 

1.72 

217 1 

1.87 

.607 

.037 



Calcium oxide (with pipette).. 

337 

1,79 

206 

2.16 

.611 

.042 

5 

5 

Normal... 

320 

3.81 

230 

2.11 

.718 

.063 



Manganese oxide (with pipette). 

212 

1.86 i 

189 

3.25 

.891 

.039 

34 

17 

Normal____ 

296 

3.26 

193 

2.34 

.652 

.024 



Ferric oxide... 

235 

2.46 

147 

1.83 

.625 

.014 

‘" 20 ' 

23 


RESULTS WITH THE OXIDE COMPONENT OF ARSENICALS 

The results of the tests with the oxide component of arsenical 
compounds are shown in Table 5 and in Figure 7. From Figure 7 
it is readily noted that in every case a depression of the gaseous 
exchange occurred. With lead oxide (PbO) the depression amounted 
to 20 per cent in the oxygen consumption and 19 per cent in the 
CO 2 output; with manganese oxide (MnO) 34 and 17 per cent; 
with ferric oxide (Fe 203 ) 20 and 23 per cent; with calcium oxide 
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Pig. s.—Normal rates of metabolism and effect of realgar on the oxygen intake and carbon dioxide output 
of potato beetles. Note the stimulating effect of feeding for one day and compare with Figure 6, E, 
where the beetles fed for 3 days 
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(CaO) an insignificant dcprossion of only 5 per (‘oiit in both the oxygen 
consumption and the COo production. It is quite evident from these 
results that the oxides possess some insecticidal qualities. 

A slight increase in the respii*atory quotient, especially with man¬ 
ganese and lead oxides, was obtained as a result of these tests. 

RESULTS WITH ARSENIOUS ACID CAsaOs). ARSENIC ACID (AsaOs^/^ SODIUM ARSENITE 
(NaaHAsOs), AND SODIUM ARSENATE (NasAsOi. 12 H 2 O) 

The effect of arsenical compounds and of the oxide components 
on the respiratory metabolism of insects having been determined, a 
series of experiments wuth various dilutions of arsenious and arsenic 
acid were made to ascertain the effect that arsenic alone plays in 
depressing the gaseous exchange. After a large number of pre¬ 
liminary trials with dilutions of different concentrations, a neutral 
dilution of arsenious and arsenic acid was obtained that depressed 
the oxygen consumption to an equal degree with either substance. 
The concentration oi arsenious acid per cubic centimeter was 0.00495 
gm., and the concentration of arsenic acid per cubic centimeter was 
0.0115 gm. These dilutions of arsenic were fed to the insects by 
means of a small graduated pipette, as previously described, which 
could deliver, by means of small drops of fluid flowing by gravity 
or slight mouth pressure, exactly 0.01 c. c. of solution. Other tests 
were included in which a small hypodermic syringe was used, and a 
definite quantity, that is, 0.01 c. c., was injected into the oral cavity. 
The objectionable feature of the syringe is that the foremg of the 
entire amount of liquid into the oral cavity causes the insects, in 
some instances, to regurgitate some of the injected fluid. Neverthe¬ 
less, the results as a whole compare favorably with those obtained 
by means of the graduated pipette. The results of these experi¬ 
ments are averaged and summarized in Table 6. In Figure 8 the 
curves were drawn to show the effect of sodium arsenite and arsenate 
and arsenious and arsenic acids upon the respiratory metabolism of 
Pheletes agonus, Leptinotarsa decemlineata, and PopiUia japonica. In 
the graphs of this figure the depression of the oxygen consumption 
is represented at hour intervals for the first 2 to 6 hours, and the 
effect on the oxygen intake 16 to 18 hours later is also shown. Utiliz¬ 
ing the oxygen depression as a basis for judging the relative toxicity 
of the solutions on different species of insects, the graphs strikingly 
reveal the fact that the depression is more intense during the first 
few hours after the poison is consumed than at a later period. After 
this initial period of depression the lowering of the oxygen consump¬ 
tion continues gradually until a maximum is reached. This maxi¬ 
mum of depression is utilized as a basis for comparing the relative 
toxicity of arsenious and arsenic acid. 


^Anhydride arsenious and arsenic acids dissolved in water were used in these experiments, and for the 
sake of brevity and clearness are designated in the discussion as AsaOs and As 20 s, respectively. 
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Fio. 7—Normal rates of oxygen consumption and carbon dioxide output and the effect of 0.01 mgm. 
doses of lead oxide (PbO), calcium oxide (CaO), manganese oxide (MnO), and ferric oxide 
(Fe 203 ) on the respiratory metabolism of potato beetles 



Fig. 8.--Eflect of arsenious acid (AS2O3), arsenic acid (AS2O&), sodium arsenite (Na2HAs03), and 
sodium amenate (Na 3 As 04 . 12 H 20 ) on Leptinotarsa decemlineata, Pheletes aQonus, and Pdpillia 
japonka. The dotted line M represents feeding with pipette, the solid line In}., feeding by injec¬ 
tion in the oral cavity. This figure shows the oxygen inhibition at hour intervals. Note the 
intense depression which occurs during the fimt few hours as compared to that which occurs during 
the remaining period of the experiment ‘ 
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Since the concentrations of arsenioiis acid used were 0.00495 gm. 
per cubic centimeter, and of arsenic acid, 0.0115 gm. per cubic 
centimeter, the results show that the former was 57 per cent more 
toxic than the latter. Similarly, the curves representing the oxygen 
depression caused by sodium arsenite and sodium arsenate are prac¬ 
tically identical in nature and reach the same level of depression 
(fig. 8). The concentration of sodium arsenite used was 0.0017 gm. 
per cubic centimeter, and the concentration of sodium arsenate was 
0.00424 gm. per cubic centimeter. By calculating the relative tox¬ 
icity of the two substances, it is found that the former is 59 per cent 
more toxic than the latter. Campbell (5) found that the arsenite was 
more toxic than the arsenate to the tent caterpillar, Malacosoma 
americana Fab. 

A significant increase in the respiratory quotient was obtained as 
a result of these tests, as is shown in Table 6. 

Table 6. —Average respiratory' ga& exchange of insects fed dilutions of arseniout 
acid (AsiOz), arsenic acid (JLS2O5), sodium arsenite iNa^HAsOi)^ a 7 id sodium 
arsenate {NazAs0i.l2H20) 


Insect used 

Kind of feeding 

O 2 in¬ 
take 

Prob¬ 

able 

error 

db 

CO 2 1 
output 1 

I 

Prob¬ 

able 

error 

± 

! 

COa I 

Prob¬ 

able 

Per cent 
depression 

O 2 1 

! 

error 

dr 

O 2 

CO 2 



Cu.mm. 


Cu.mm.' 






P. japonica.i 

Normal. 

415 

2.19 

244 I 

3.27 

0.587 

0.026 



■ Do. 

Na 2 HAs 03 (injected)-.. 

250 

3.01 

229 

1.77 

.916 

.033 

40 

6 

Do. 

Normal. 

446 

1.83 

185 

1.59 

.414 

.018 



Do. 

Na 3 As 04 . 12 H 20 (in- 

! 279 

2.78 

114 

2.01 

.408 

.053 

37 

38 


jected). 


i 







Do. 

Normal. 

322 

4.52 ! 

' 221 

3.72 

.686 

.068 



Do. 

AS 2 O 3 (injected).. 

150 

3.06 1 

141 

1.57 

.940 

.042 

53 

36 

Do.' 

Normal-. 

320 

2.75 i 

198 

3.55 ' 

.618 

.069 




AS 2 O 3 (pipette). 

115 

2.81 

97 

2.04 

.843 

.042 

64 

51 

Do.! 

Normal.. 

376 

1.92 

143 

2.73 

.380 

.016 



Do. 

AS 2 O 5 (injected)___ 

99 

2.66 

86 1 

1.87 

.868 

.062 

73 

40 

Do. 

Normal... 

315 

3.66 

253 

3.42 

.803 

.063 



Do.—. 

AS 2 O 5 (pipette). 

120 

1.91 

117 

2.68 

.975 

.033 

61 

54 

P. agonus. 

Normal. 

,543 

1.79 

276 

2.43 

,.508 

.045 



Do. 

AS 2 O 3 (injected)_ 

163 

3.21 

127 

1..58 

,779 

. 097 

70 

53 

Do. 

Normal- . 

708 

2.07 

287 

2.34 

.405 

.041 



Do_ 

AS 2 O 5 (injected)_ 

171 

1.89 

123 

3.42 

.719 

.044 

75 

57 

L. decemlineata 

Normal.. 

550 

1.76 

321 

4.13 

.583 

.035 



Do. 

As 203 (pipette). 

301 

1.71 

202 

1.93 

.671 

.055 

45 

37 

Do. 

Normal. 

546 

2.36 

341 

1.59 

,624 

.027 



Do. 

AS 20 s (pipette). 

287 

1.83 

214 

2.76 

.745 

.024 

47 

37 


DISCUSSION 

The evidence from a study of the data presented points to the 
general fact that arsenicals exert an inhibiting effect on the respiratory 
metabolism of insects. The significance of this inhibition lies in 
the fact that with young insects the metabolic activity is extremely 
more marked, and the reduction, therefore, more intense than with 
older ones. This would seem to indicate that the physiological 
activity of the hving protoplasm is of prime importance in suscepti¬ 
bility to arsenical poisoning, since differences in susceptibility of 
groups of insects (young and old) correspond to differences in physio¬ 
logical age. In a previous investigation (8) it was pointed out that 
with the potato beetle the oxygen consumption and the carbon dioxide 
output decreased with advancing age and that a corresponding 
decline in the rate of oxidation through the inhibition of the enzymes 
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(oxidases and catalases) took place. Similarly, it would seem, a 
reduced metabolic activity as a result of arsenical feeding may be 
traced to the inactivation of oxidizing enzymes, which in some way 
prevents oxidative reactions. Shafer {12) called attention to the 
fact that certain volatile substances, such as gasoline and carbon 
disulphide, affect the oxidative and catalase activity of Passalus 
cornutus Fab. Voegtlin {13) suggested that the action of arsenic upon 
protoplasm is essentially due to an interference with the normal 
functioning of glutathione in the oxidation-reduction phenomena 
of tissues. The presence of glutathione has been detected by the 
writer in the species of insects mentioned in this paper. On evidence 
of the inhibiting action of arsenicals on the gaseous exchange men¬ 
tioned above, it would appear that the toxic action of arsenicals is 
essentially due to an interference in cellular oxidations and reductions. 
If we inquire into the nature of susceptibility, 'whether or not it is in 
some way associated with or dependent upon the rate of oxidation 
in protoplasm, we again point to the fact that young insects showed a 
higher rate of oxidation and were more susceptible to arsenicals than 
older ones. 

A chemical alteration of the protoplasm caused by the penetration 
of arsenic ions may render it more reactive or less reactive. From 
the data presented it is clear that, except in the case of realgar, the 
effect of the agents is to retard biochemical processes, the retardation 
caused by realgar occurring only after greater quantities of the poison 
have been ingested. 

SUMMARY 

The effect on the respiratory metabolism of potato beetles pro¬ 
duced by feeding foliage sprayed with various arsenicals was studied. 
Experiments similar to those with potato beetles were made on wire- 
worms by feeding grains of corn soaked in arsenical solutions. 

The metabolic activity of potato beetles was reduced when they 
fed on lead arsenate, calcium arsenate, ferric arsenate, and manga¬ 
nese arsenate for 2 to 16 hours, and increased when they fed on 
realgar for the same period. The percentage depression of the oxy¬ 
gen consumption and the carbon dioxide production varied with the 
arsenical employed. 

Realgar seemed to act as a stimulant at first, since both the oxygen 
intake and the carbon dioxide output increased and a gain in weight 
occurred. After thi^ee days^ feeding, however, a depression of the 
gaseous exchange took place, indicating a cumulative action of this 
substance in the protoplasm. 

Diffei'ences in susceptibility to lead arsenate appeared when 
sprayed foliage was fed to two groups of insects (young and old). 
In young insects the inhibiting iifiuences were more profound. The 
inhibition exhibited by starving insects on the gaseous exchange was 
comparable to that of young insects. 

The respiratory metabolism of insects was reduced when they were 
fed the oxide components of arsenical compounds; that is, lead oxide, 
manganese oxide, ferric oxide, and calcium oxide. The reduction 
with calcium oxide was, however, insignificant. 
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Arsenious acid, arsenic acid, sodium arsenite, and sodium arsenate 
depressed the oxygen consumption and the carbon dioxide pro¬ 
duction profoundly during the first few hours after insects were fed 
these solutions. The lowering of the oxygen intake continued grad¬ 
ually thereafter until a maximum depression was reached for the 
concentration of the solution. A significant increase in the respira 
tory quotient resulted from these tests. 

With the concentration of arsenious and arsenic-acid solutions 
used it was found that arsenious acid was 57 per cent more toxic 
than arsenic acid. Similarly, sodium arsenite was found to be 59 
per cent more toxic than sodium arsenate. 
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A STEM-END AND CENTER ROT OF TOMATO CAUSED 
BY VARIOUS UNRELATED ORGANISMS’ 


By Nellie A. Brown 

Associate Pathologist, Laboratory of Plant Pathology, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

When an abundance of bacteria is found in plant tissue still in an 
early stage of disease, it is generally accepted that the disease has 
been produced by a specific organism. In the work of isolating the 
organism from the diseased material, should the platings yield pure 
cultures or nearly so, the belief is strengthened; and later if the 
original type of lesion is reproduced by inoculation, the worker is 
fully convinced that a specific germ is the cause of the disease. This 
is true as a generalization, but in the particular case with which this 
paper deals, more than one organism was found to be the cause of the 
typical diseased condition. 

DESCRIPTION OF THE DISEASE 

The disease in question is a rot of tomato fruits; it usually starts 
when the fruits are green and is scarcely noticed until they are full- 
sized or just beginning to turn. The decay is mostly internal and is 
hard to detect on the outside of the green fruit unless the stem end is 
examined very carefully. Here it shows as small brown spots or a 
thin brown ring around the stem end or a discoloration of the stem 
scar (fig. 1, A; fig. 2, A). There are cases where the surface of the 
fruit may not show any definite marks of disease, but usually if no 
dark spots or rings are visible at the stem end, the fruit at or before 
the pink stage oi ripening takes on a sickly color. When it is cut 
open the placentae are found partly or wholly decayed. The diseased 
portion is hard and brown and if the fruit is pink or red the diseased 
area is almost black (fig. 1, B). The rot may extend inside from 
stem to blossom end, though usually it is confined to the upper half 
of the central placentae. No external sign of disease was seen at the 
blossom end of any fruits examined or reported on. Quite frequently 
the rot involves a portion of seeds, and these, together with the sur¬ 
rounding tissue, become a hard black mass. T&s mass can be sep¬ 
arated intact from the surrounding tissue (fig. 2, E). The disease 
does not affect the shape of the fruit and there is no slime or ooze 
connected with it. Razor sections through the hard dark portions 
examined under the microscope showed motile bacteria in the cells 
and between them {2)} 

Although the central decay is the most important feature of this 
disease, the rot at the stem end is not to be overlooked. This stem- 
end rot, however, is unlike that of the tomato stem-end rots hitherto 


1 Received for publication July 14, 1926; issued December, 1926. 

2 Reference is made by number (italic) to “Literature cited,” p. 1023. 
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described. Of these one is a greenhouse rot caused by a Botrytis 
and the infection occurs on the calyx, fruit stalk, and stem end of 
either green or ripe fruit and advances into the fruit, softening it (4)- 
Another is the PhytojpMhora infestans rot of tomatoes which is similar 
in its early stages on green fruit, but it attacks green or ripe fruit in 
any stage or size with the same ease, and the disease spreads beyond 
the stem in a broad dark area across the top of the fruit (S; 11; 13, 
'p. 9-16). The fruit infection caused by Oladosporium fuhum Cke. is 
also more than a stem-end infection and spreads across the fruit, dis¬ 
torting and blackening the upper face of it. The hard central core 
is present, however (8). 

ORIGIN OF THE DISEASE 

The disease herein reported was first found in the tomato fields of 
Cherokee County, Tex. Since the fruit is shipped green, it was not 
observed until the tomatoes arrived at their destination and had 
changed to a pink color. The inspectors noticed the brown rings on 
the pink fruit and the unnatural shade of those still green and, cutting 
them open, found the decay well advanced through the central core 
(%. 1, B). 

There had been many light rains in this section accompanied by 
extreme heat. Some of the tomato growers attributed the disease 
to the weather conditions, others thought it might be due- to an 
excess of sodiimi nitrate in the soil. Their losses from the disease 
were heavy; some days a third of the carloads arriving at market 
would be affected with the central decay. 

In the summer of that year, 1924, the same disease occurred in 
Otoe County, Nebr., during the height of the shipping season (fig. 2, 
A). There were extreme changes in weather in the early summer; 
first it was very cold, then very hot, then too wet. In. the late 
summer and early fall, when weather and growing conditions had 
altered, the disease became less virulent, and at the end of picking 
time the fields were nearly free from it. 

Motile bacteria were found in the hard dark tissue of the Nebraska 
tomatoes, but no fungus was observed. In the region where the 
disease occurred in abundance there were some tomato growers with 
extended acreages who did not have a trace of it. They had not 
fertilized their soil at all or had turned under a cover crop and 
cultivated frequently during the growing period. 

ISOLATIONS AND INOCULATIONS 

The same bacterial organism was isolated from diseased fruit from 
both Texas and Nebraska, and the disease was reproduced by inocu¬ 
lating green tomatoes with bacteria from both isolations (fig. 1, C 
and D; fig. 2, B). The colonies on beef-agar plates were circular with 
entire margins, mostly smooth but some wrinkled (fig. 5, A and B). 
One-day-old colonies were cream colored in reflected light, but in 
transmitted light they had a broad cream-colored center with a blue 
area surrounding it. After a few days the entire colony was yellow. 

The green fruits were first washed with mercuric chloride 1:1,000, 
then with sterile water, and a water suspension of the organism was 
smeared on with a soft sterile brush. Some of the tomatoes were 
punctured with a sterile needle at the stem and blossom ends, others 
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were smeared and not punctured (fig. 3, C). Two hundred and 
fifty-six tomatoes attached to the vines were inoculated with the 
Texas and Nebraska isolations. About 95 per cent of the punctured 
and inoculated fruits became infected, 'whereas not more than 30 or 
40 per cent of the smeared ones became infected. Inoculations were 
made in green fruit on the vines from 3 cm. in diameter to full size; 
infection occurred in all sizes. It required from 5 days to 4 weeks 
for a good infection to develop, and if the fruit ripened within 5 to 7 
days after inoculation there w^as little or no infection. Where inocula¬ 
tions were made by smearing and not puncturing, it usually required 
more time for the infection to appear. The best infections occurred 
at greenhouse temperatures of 23° to 30° C. with plenty of moisture. 
Below 20° the infection was slight. Bacteria were found in the 
tissues of inoculated fruits (fig. 4, A). 

Control fruits in a bed removed from the inoculated ones were 
'washed with mercuric chloride, 1:1,000, then with sterile water, and 
punctured with a sterile needle. Only 2 out of 22 treated in this 
way became infected with the dark center rot, and one of these only 
slightly. Two others had soft rot and 18 remained perfectly sound 
(fig. 2, G). 

For comparison 67 other tomatoes in the same bed were punctured 
without washing in mercuric chloride and sterile 'water. Thirty- 
eight became diseased with the hard, dark center rot in varying 
degrees (fig. 2, F); 10 had soft rot, and 19 remained sterile. A 
reference to these controls occurs later. 

Inoculations w^ere made in the leaves and stems of tomato plants, 
but no infection resulted. At first the stems browned somewhat, 
but in a few days the browning disappeared. Cabbage, cauliflower, 
and lettuce plants were also inoculated but with negative results. 
Green sweet peppers, however, became infected and hard, blackened 
masses of placentae and seeds resulted. The peppers were left to 
ripen before cutting and examining. There was no soft rotting 
Bacteria were found in the cells of the dark portions. 

Water suspensions, of the organism were smeared over tomato 
blossoms with a soft camePs-hair brush to determine if infections 
could occur at this stage of development. Out of 116 blossoms 
treated in this way which later formed fruits, only one was infected. 
Isolations were made from this fruit and the typical yellow organism 
was recovered. Inoculations made with subcultures of this organism 
established the pathogenicity of the reisolation. 

This disease, therefore, can occur through infection at almost any 
stage from the blossom to the nearly mature but not ripe fruit. All 
inoculations were made with the fruit on the vines. The most 
favorable stage for infection seemed to be when the tomatoes were 
green and had not reached their full size but were swelling rapidly. 

HYDROGEN^ION CONCENTRATION AND INFECTION 

The hydrogen-ion concentration in tomatoes is higher in the ripe 
fruit than in the green. For the former the Ph has been found to.be 
4 and 4.2, while for the latter it is between 5 and 5,4 (7). 

As the upper limit of hydrogen-ion tolerance of the Texas and 
Nebraska organisms in culture is 4.9 and its optimum Ph is around 
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5.5, it is easily seen why infection began readily in the green fruit 
and developed slowly, or did not occur at all if the fruit was nearing 
maturity and beginning to redden. 

After the Texas and Nebraska strains had been grown in culture 
media for two years barely a trace of infection followed the intro¬ 
duction of the organisms into fruit which was nearing maturity. 
For two years they had been grown on stock media with the Ph 
varying from 6 to 7, and they could no longer accommodate them¬ 
selves readily to the more acid medium of the nearly ripe tomato 
juice. There was not the same difficulty with the green tomatoes, 
although the infections were not so pronounced as those which 
occurred immediately after the &st isolation. 

PLATINGS FROM SEEDS OF TOMATOES INOCULATED WITH 
TEXAS-NEBRASKA ORGANISM 

To determine whether seeds from diseased tomatoes can carry the 
infection, plates were poured from seeds in diseased fruits; not the 
darkened seeds, but those which looked to be sound. The seeds were 
sterilized 1 and 2 minutes in mercuric chloride, washed in sterile 
water, then crushed in beef bouillon, from which the plates were 
poured. The typical yellow colonies appeared on the plates. 

Plates were also made from seeds which were sterilized and washed 
but not crushed. These seeds showed no discoloration but were taken 
from badly diseased fruits. They were immersed 1,2, and 5 minutes 
in mercuric chloride and then washed in sterile water and allowed 
to stand in beef bouillon for 15 minutes before the plates were poured. 
The Texas-Nebraska colonies appeared on the plates poured from 
the seeds treated for 1 and 2 minutes, but there -were none on those 
poured from the seeds treated for 5 minutes. 

Although the organism can be carried by the seed, little fear need 
be entertained regarding the spread of the disease by this method, 
for it is not likely that seed would be saved from a tomato which had 
even a small amount of internal decay. 

Seeds of the variety Bonnie Best of the sowing used in Nebraska 
which produced the disease were tested out to see if this particular 
lot had carried the disease. Four different sets of plates were poured 
from 450 seeds out of a pound. The seeds were crushed and soaked 
in beef bouillon one to three hours before the plates were poured in 
order to give ample time for the bacteria to ooze out or off of them. 
No colonies of tins organism appeared on the plates. Evidently the 
disease had not been carried into Nebraska from seed produced 
elsewhere. 

The year after the heavy infection in Nebraska the same seed beds 
were used without sterilizing, and no disease appeared. It was there¬ 
fore obvious that the seed beds were not responsible for the occurrence 
of the disease. 


EXPLANATORY LEGEND EOR FIGURE 3 

A, blossom end of tomato inoculated with org^ism from Nebraska tomatoes; 19 days after.inoculation. 
B, stem end of tomato inoculated with reisolation from A (blossom-end infection), giving typical stem- 
end infection; 25 days after inoculation. C, stem end of green tomato smeared with Texas organism; not 
punctured; 35 days after smearing. D, longitudinal section through A, showing blossom-end infection. 
E, green tomato inoculated with AlUrmria sp.; 10 days after inoculation. F, tomato inoculated with Boa- 
terium viridilmdum; 30 days after inoculation. G, green tomato inoculated with VerticiUiwm sp.;, ,2S days 
after inoculation , ; 
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CULTURAL TESTS 

Extensive cultural tests with colonies of the Texas and Nebraska 
isolations were made. The two proved to be similar organisms 
throughout nearly the whole of the series of tests as laid down in 
the descriptive chart of the American Society of Bacteriologists. In 
a test made with sugars for the production of gas one colony of the 
Texas isolation showed a variation. It was an active gas producer 
while the others were not. The purity of this colony was tested and 
established, and it was then used for further inoculations to see if by 
chance it would still produce the disease. It was as virulent as 
the other colonies and readily produced the characteristic lesions of 
the disease. So this colony was considered a variant, a thing which 
sometimes occurs with bacterial organisms. No other disturbing 
factor arose with the Texas and Nebraska strains.® 

A short time after the cultural tests were completed some controls 
were made by puncturing tomatoes with a sterile needle but without 
first washing them with mercuric chloride and sterile water. . Careful 
watch was kept on these, and in two weeks infection began to appear. 
Figure 2, F, shows the condition of one of them four weeks after 
puncturing. Razor sections through the hard central decayed part 
were examined under the microscope and bacteria were found as in 
the inoculated fruit. Platings were made, but instead of a pure culture 
of one organism two distinct types of yellow colonies were found, 
one of which was undoubtedly the Texas and Nebraska type which 
had been used for producing infections on fruits of neighboring plants 
but not in the same bed. For some reason instead of discarding the 
other yellow type as an intruder it was picked off, subcultures made 
of it, and later tomatoes were inoculated with it. This supposed 
intruder type also produced the disease after the usual time had 
elapsed, and the situation was thought rather confusing. 

Shortly after this occurrence several untouched fruits in the 
neighborhood of some that had been inoculated with the Texas and 
Nebraska strains became infected with the same type of disease. 
These tomatoes were studied and only bacteria were found in the 
diseased parts. Isolation plates made from one of them gave two 
types of yellow colonies, one the Texas and Nebraska organism and 
another unlike it. This unknown type also produced the disease 
when green tomatoes were inoculated with it. When, this second 
yellow unknown organism produced the typical central rot it was 
decided to try out a number of known pathogenic organisms and, 
much to the surprise of the writer, various ones produced the hard 
dark central lesions typical of the Texas and Nebraska disease. 

TESTS WITH DIFFERENT ORGANISMS 

It was decided to try first several yeUow plant pathogenes. The 
white colonies frequently foimd in association with the yellow ones on 
the plates had previously been tested for their ability to produce the 
hard central decay, but they had caused only a definite soft rotting. 
The yellow ones, on the other hand, had produced the typical hard 
central rot, as before stated. 


3 The record of the cultural tests need not he given in this paper nor need the organism he named, since 
it proved eventually to he only one of several organisms able to produce the disease. 
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Ill every case before inoculating, the fruit was washed with mercuric 
chloride, 1:1,000, then with sterile water. Green fruit and some just 
before it turned red were inoculated and left on the vines to ripen. 

Bacterium ca 7 npestre (Pam.) EFS., the cause of the black rot of 
cabbage and other crucifers, produced very good infections as did 
Bad. marginale Brown (fig. 5, P) and Bad. mridilividum^ Brown (fig. 3, 
F), the cause of a leaf spot and rot of lettuce. Reisolation plates were 
made from the ‘'marginale” and "campestre” tomatoes and the 
organisms were recovered. 

Bacterium citri Basse (fig. 1 F), the organism producing citrus 
canker, gave a few good infections and some slight ones, but for the 
most part the results were negative. Conditions evidently had to be 
very favorable for this organism. The same was true of Bad. vitians 
Brown (fig. 2, D), an organism causing a stem rot and leaf spot of 
lettuce. 

Bacterium malvacearum EFS. (fig. 2, C), the cause of a leaf spot of 
cotton, produced the characteristic hard centers, but they were only 
occasionally dark colored. 

Bacterium savastanoi EFS. (fig. 1, G), an organism which produces 
tubercles on the olive tree, produced a very good hard central decay 
of tomatoes. 

Bacterium gummisudans McCulloch, which causes a leaf spot of 
galdiolus, did not produce the disease. It was tested under various 
growth and temperature conditions, but the results were always 
negative. 

Aplanolacter michiganense EFS., which produces a wilt of the tomato 
stem and a yellowing of the fruit, did not induce any hardening or 
browning of the central tissue. 

The well-known colon bacillus, Bacillus coli communis Esch., was 
able to produce a slight infection in 2 cases out of 15 (fig. 1, E). 
B. mycoides Fliigge, a common soil organism, gave negative results in 
all but 5 out of 19 inoculations. 

At the conclusion of the experiments with the yellow organisms 
several white pathogenes were tested. 

Bacillus iracheiphilus EFS. did not produce the disease. It was 
tried at different seasons and under different temperature and mois¬ 
ture conditions. 

Two strains of Bacterium tumefaciens Smith and Townsend, which 
are common in the soil, were tried. One was isolated from the hop 
gall and another from the peach gall. The hop strain produced the 
typical tomato lesions very quickly, but no galls formed (fig. 5, E). 
The organism was reisolated, and on the reisolation plates the usual 
smooth, round colony was found somewhat changed by passing 
through this host, and appeared as a wrinkled and humpy one (fig. 
5, C and D). ^ Subcultures of it produced good galls on Ricinus, but 
none on geranium or tomato stems, as the original and typical crown- 
gall hop strain does. The tomato stem was browned for more than 
3 cm. on either side of the inoculation point but not galled. The 
peach strain of Bad, tumefaciens also produced the typical hard brown 
internal decay in the tomato fruit (fig. 5, G). Altogether, 35 
green tomatoes were inoculated with Bact. tumefaciens; 16 with the hop 
strain and 19 with the peach strain. The hard brown centers resulted 
in all but two. These two remained soimd and healthy. 




Fig. 5.—A, colonies of the'Nebrasta-Texas organism on beef-ager plates, enlarged about five times; 
lismooth type; infectious.li B, wrinkled type of Nebraska-Texas organisms on beef-agar plates, en- 
Elarged about five times; this type also infectious. G, typical colonies of Bacterium tumefaeiens^ 
fhop strain on beef-agar plates; enlarged about five times. D, wrinkled type of Bact. tumefacie'm 
colonies; hop strain on beef-agar .plates; wrinkled character produced by passage of the strain 
[through tomato fruit, E, green tomato inoculated with hop strain of Baet. tumefaciens; 18 days 
after inoculation. F, green tomato inoculated with Bact. marginah; 30^ays after inoculation, G-, 
green tomato inoculated with peach strain of Bact, tumefaciens: 18 days after inoculation, 
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A few fungi were tested in the same way. A Verticillium sp. 
causing a wilt of tomato stems, and another Verticillium causing a 
wilt of heliotrope (fig. 3, G.) produced the hard, dark core without 
any softening of the tissue. The fruit was always left on the plants 
to "ripen before the examination inside was made. 

An Alternaria isolated from stems of Rosa hugonis was tried and 
found to produce the hard, dark central rot (fig. 3, E). The fungus 
was recovered on reisolation plates. 

An Alternaria has been noticed before in connection with a tomato 
central rot. A few years ago F. J. Pritchard examined lesions of this 
sort and found a fungus associated with it which he identified as an 
Alternaria. He was unable at the time to pursue the investigation. 
Several summers later he received similar diseased tomatoes from 
Nebraska and found bacteria in the cells, but no fungus. He con¬ 
cluded that the Alternaria which he had found previously must 
have been a secondary organism, and that he had overlooked the 
bacteria. The writer received the Nebraska material from him, and 
it was the bacterial organism isolated from these tomatoes which 
proved to be similar to the one isolated from the Texas tomatoes. 

A Cladosporium sp. pathogenic to cranberry fruit produced the 
typical lesions in 25 out of 30 inoculated green tomato fruits. The 
color was almost black (fig. 4, C). The fungus was reisolated. 

Septoria gladioli Pass., which produces spotting of leaves and dry 
rot of corms, gave negative results when inoculations were made in 
the winter. In the spring, however, the conditions wei’e more favor¬ 
able, and the broad, hard central core resulted. There was not the 
very dark color, however, vrhich accompanied the Verticillium and 
Cladosporium infections. 

Fusarium moniliforme Sheldon, a fungus which produces a soft 
rot of the Smyrna fig, also produced the typical lesions, and when the 
tomatoes were absolutely ripe there was also a soft rotting. The 
tissue in some parts of the tomato just below the epidermis became 
watery looking, and microscopic examination showed not the pres¬ 
ence of a soft-rot bacterial organism but an abundance of mycelium 
and the curved septate spores of F. moniliforme (fig. 4, B). If the 
tomatoes were cut when red, but not perfectly ripe, only the central 
hard decay was present (fig. 4, D). The Fusarium was readily 
reisolated. 

The hard central core produced by these various fungi could be 
lifted out intact, as in those fruits inoculated with bacteria. The tex¬ 
ture of the core produced by a fimgus sometimes had a leather¬ 
hardness instead of the crystallike or woody hardness produced by 
the bacteria. Occasionally small hollow spaces occurred in the ceny 
tral core, and the leathery texture was probably produced by these 
hollows beii^ filled with a mycelial mass. In the tomatoes inoculated 
With bactena these spaces were rarely present. 

From the tests, it is seen that out of 13 different known bacterial 
organisms mtroduced into tomatoes in the same way and under the 
same conditions as the original Texas and Nebraska isolations, 6 
prc^ueed positive results; results typical of those obtained by inoc¬ 
ulation witja the Texas and Nebraska strains. Four other organisms 
gave posikve resmts under very favorable conditions, and three 
gave negative results Of the five fungi tested all produced similar 
disease, and one produced a soft rot in addition. 
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The number of bacteria and fungi tested in this way might be 
extended indefinitely. Enough have been worked with, however, to 
establish the necessary proof that the stem and central decay of 
tomatoes is a parasitic disease induced while the fruit is green by 
various organisms under conditions of high temperature and high 
moisture. Those bacterial organisms which gave negative results 
and those which gave positive results only occasionally might, under 
certain conditions, be as positive as the Texas and Nebraska organ¬ 
isms themselves. The tomato varieties used in this work were 
Livingston’s Globe and Bonnie Best. Both seemed equally sus¬ 
ceptible. It is possible that another variety of tomato might have 
been favorable to the production of the disease if inoculated with 
those organisms which gave negative results with the above-named 
varieties. Certain fertilizers, too, might influence infection; so that it 
could be induced by those organisms which in the experiments with 
Bonnie Best and Livingston’s Globe had proved noninfectious. 

There was very little trouble from bacterial soft-rot organisms 
getting into the punctures. The careful washing of the tomatoes 
with mercuric chloride and sterile water before inoculation evidently 
prevented this from - happening. The controls so treated were a 
striking evidence of the slight extent to which it occurred. Had the 
work been done out of doors more secondary infection might have 
developed. 

ENTRANCE OF ORGANISMS INTO THE TOMATO 

It is likely that the attacking organisms made their entrance at 
the region where the cuticle ends and the stem begins, for it was there 
that the black ring occurred. 

The warm weather and excessive moisture in Texas and Nebraska 
undoubtedly produced rapid growth in the tomatoes, resulting in tiny 
breaks in the tissue at the cuticle margin, through which surface 
organisms can enter. In some instances the rapid growth might 
have stretched the cuticle at its juncture with the torus, thinning it 
so that the entrance to an active organism was made easy. In other 
cases it may have been that raindrops persisted at this juncture area 
long enough to injure some of the cells, and a slight extrusion of cell 
content could easily furnish enough food for the bacteria to begin 
their activities. 

The stomata of the calyxes are another avenue of entrance to 
germs. From the calyx a passage can easily be gained to the torus 
and thence into the fruit. The calyxes of many inoculated fruits 
were examined and bacteria were found in them, causing first a 
watery appearance and in a later stage a hard, dry one. 

OBSERVATIONS ABOUT BLOSSOM-END ROT OF TOMATOES 

It seems to the writer that the same conditions which produce the 
stem-end and center rot of tomato may be responsible for the blos- 
som-end rot, which of late years has been classified as a nonparasitic 
disease, the cause being laid to the breakdown of the tissue due to 
irregularities in the water supply; the bacteria and fungi which are 
present being considered secondary (f). The blossom-end rot has 
been studied by pathologists extensively in different countries and 
bacterial or fungous organisms have always been found associated 

Q in i<!>\ 
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Figure 3, A and D, shows an inoculation at the blossom end of a 
tomato with the bacterium isolated from Nebraska tomatoes which 
were affected at the stem end and center. The appearance is not 
imlike that of blossom-end rot. To establish further evidence that 
this condition at the blossom end was really produced by the Ne¬ 
braska germ with which it was inoculated, isolation plates ’were made 
and the organism was recovered. The pathogenicity of the recovered 
germ was further tested and proved by inoculations into the stem 
end of other tomatoes (fig. 3, B). 

GENERAL PREVENTIVE AND CONTROL MEASURES 

As both soil and weather conditions are responsible for the pres¬ 
ence of the stem-end and center rot of tomatoes in a field, the grower 
may be able to prevent or lessen it very materially by using manure 
which has passed through all the active stages of disintegration. 
This will assure him of fewer active soil organisms on his fruit and 
consequently of less disease should the weather conditions be favor¬ 
able for them to get into it. Cover crops should be turned under at 
least a month before planting. 

If an uninterrupted growth of tomatoes can be kept up during the 
fruiting season there will be little chance of the disease making any 
headway. A period of hot, dry weather holds back the growth of 
the plant, necessarily retarding the growth of the outer part of the 
fruit. Then if wet weather comes and rapid growth follows, the fruit 
fills up with w-ater, and as the epidermis can not keep pace with the 
swelling cells inside, tiny cracks result. Frequent cultivation will 
keep the plants growing and prevent the fissures from forming. 
Evidence of this w'^as very striking in Nebraska, where well-culti¬ 
vated fields had practically no diseased fruit at the time of the heavy 
infection of other fields wLich were cultivated only sparingly. 

The grovrer should also be careful to select varieties which are known 
not to crack easily. 

As the disease can be produced by various bacterial and fungous 
organisms, it is highly essential to have clean seed, and any seeds 
that are slightly discolored or undersized should be avoided. Sani¬ 
tary field methods should be followed. 

The use of Bordeaux mixture is considered an effective germicide 
for tomato diseases. If the bacterial and fungous fiora of the surface 
of green tomatoes is reduced or weakened by frequent spraying with 
this mixture there will be very little chance of the disease occurring. 

SUMMARY 

A stem-end and center decay has been responsible for heavy losses 
in shipments of green tomatoes. The disease can scarcely be de¬ 
tected on the outside of the fruit, while the central core, including 
portions of the seeds, is a mass of hard, dark tissue. 

The disease occurs usually during seasons of hot weather and 
abundant rain, or during weather in which the fruit expands too rap¬ 
idly after a period of checked growth. There is always an organism 
present which is responsible for the decay. It may be either a bac¬ 
terium or a fungus. In a given location it may be a certain organism 
active and prevalent in that particular soil, whereas in another loca¬ 
tion it may be a different and entirely unrelated organism. 
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The work reported in this paper began with a yellow bacterial 
organism isolated from tomatoes similarily diseased in Texas and 
Nebraska in 1924. This organism was considered the specific cause 
of the disease for over a year. Since then, six different bacterial 
and five different fungous organisms have been inoculated into green 
tomatoes, and each has readily produced the stem-end and center 
rot. Four other bacterial organisms produced the lesions only after 
repeated trials and when conditions happened to be favorable to 
them. The results with three others were always negative. 

The organisms which produced the decay readily were Bacterium 
malvacearum EFS.; Bact. marginale Brown; Bad. tumejaciens Smith 
and Townsend; Bad. savastanoi EFS.; Bad. campestre EFS.; Bact. 
viridilividum Brown; Gladosporium sp.; Septoria gladioli Pass.; Verti- 
ciUium (two species); Fusarium moniliforme Sheldon; and Alternaria 
sp. The four organisms which produced the disease with difficulty 
were Bad. citri Hasse; Bact. vitians Brown; Bacillus coli communis 
Esch,; and B. mycoides Flixgge. 

The organisms which failed to produce the disease were Bacillus 
tracheiphUus EFS., Bacterium gummisudans McCulloch, and Aplano- 
hader michiganense EFS. 

It is likely that there are many other bacteria and fungi able to 
produce the same lesions in tomatoes given the right conditions for 
development. The acidity of the fruit and proper conditions of 
growth are probably factors in preserving it from many of the 
organisms present in richly fertilized soil. 

Blossom-end rot of tomatoes, considered by pathologists to be a 
physiological disease induced by irregularities in the water supply 
and not by parasites, was produced by inoculating tomatoes with 
the Texas-Nebraska organism. As the stem-end and center rot can 
be produced on growing green tomatoes by various bacteria and fungi 
when temperatures are high and moisture is abundant, it is quite 
possible that the blossom-end rot is produced in the field in the same 
way. 

foeventive measures may be taken by using varieties which do not 
crack readily, fertilizing with well-seasoned manure in which the 
organisms are less active, cultivating the soil frequently, using sani¬ 
tary methods in the field, and spraying with Boi'deaux mixture. 
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THE RELATION OF BLACK ROT TO THE STORAGE OP 

CARROTS' 

By J. I. Lauritzen 

Associate Pathologist^ Office of Vegetable and Forage Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The black rot of carrot (Daucus carota L.) caused by Alfernaria 
radicina M. D. and E., was discovered in 1918 by Meier, Drechsler, 
and Eddy on Long Island, N. Y., and by the writer in Washington, 
D. C. Meier, Drechsler, and Eddy discovered the causal organism 
produced the disease on the roots and foliage, and found that infec¬ 
tion of roots in storage resulted from infection of the foliage. A 
description of the disease and excellent drawings of the fungus have 
been published.^ 

The disease as it occurs on the roots of carrot is of considerable 
economic importance. It has been observed on the New York and 
Washington markets nearly every season since its discovery. No 
accurate smvey has been made of the extent of the loss caused by 
this rot, but the following example illustrates how^ serious it may 
become. A half ton of carrots (Danvers Half-Long variety) vras 
purchased on the Washington market in November, 1921, and stored 
at temperatures ranging from 0® to 2° C. at Arlington Experiment 
Farm, Rosslyn, Va. The carrots were grown at Williamson, N. Y., 
shipped to Washington in bags in a carload lot, and removed to 
storage soon after arrival. At the time of storing they were in 
excellent condition and no black rot w-as observed. Two months 
later, however, the disease became evident. On May 20, 1922, 
after 185 days in storage, four crates were selected at random and 
a count was made of the diseased and healthy roots. Three hundred 
and two out of 488 carrots, or 62 per cent, had black rot (Table 1). 
The 62 per cent did not necessarily represent a total loss, for it in¬ 
cluded all infected roots no matter how few or how small the lesions, 
Boots with few and small lesions can be utilized, but since they are 
marred in appearance, their market value is of course reduced. 

The decay caused by Alternaria radicina represents only a part of 
the loss that may result from the presence of the disease, for black-rot 
lesions afford a favorable opportunity for the entrance of other fungi 
such as Sclerotina and Botrytis. Botrytis especially is dependent on 
some such favorable means of entrance. Blackman and Welsford ^ 
have shown that this fungus in order to attack the leaves of Vida 
faia L. readily must have a start on dead organic matter. Such a 
start is conducive if not indispensable to infection of carrots by 
Botrytis. The usual method of infection is through dead root tissue 
(the root tip, rootlets, and the crowns.) The black-rot lesions often 
crack and leave dead carrot tissue exposed to the action of fungi that 


1 Received for publication July 3,1926; issued December, 1926. 

2 Meieb, F. C., Dbechsler, C., and Eddy, E. D. black bot of carrots caused by alternaria 
RADICINA N. sp. Phytopathology. 12: 159-166, illus. 1922. 

3 Blackman, V. H., and Welsfoed, E. J. stltjies in the physiology of parasitism, ii. infection 
BY botrytis ctnerea. Ann. Bot. [London] 30; 389-398, illus. 1916. 
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may be present. Boti-ytis always occurs to some extent in carrots 
imder storage conditions, and roots kept for long periods at tempera¬ 
tures ranging from 0° to 5° C. invariably become infected with it. 
The decay caused by this fungus is much greater in carrots affected 
with black rot than in those not so diseased. 


Table 1. —Amount of infection that developed during storage on the roots of carrots 
when the foliage was inoculated with Alternaria radidna 


Where carrots were grown i 

Season 

Treatment of carrots 

Duration 
of storage 
in days 

Number 
of roots 
stored 

Number 
of roots 
infected 

Percent¬ 
age of 
roots 
infected 

XJ. S. Department of Agri- 


(Foliage inoculated. 

215 

414 

412 

99.5 

culture grounds. 

•1920-21 

Foliage not inoculated. 

215 

448 

260 

58.0 

Arlington Experiment Farm.. 



215 

523 

13 

2.5 

U. S. Department of Agri- 1' 


Foliage inoculated. 

20-1 

341 

152 

44.6 

culture grounds. 

1921-22 

Foliage not inoculated. 

201 

331 

8 

2.4 

Arlington Experiment Farm. J 


....do. 

201 

2,360 

5 

.2 

"NT. V _ 1 

1921-22 

dn 

185 

488 

302 

62.0 

U. S, Department of Agri- ] 

(Foliage inoculated. 

120 

426 

422 

99.0 

culture grounds. ! 1*1922-23 

• Foliage not inoculated. 

120 

144 

19 

13.2 

Arlington E.xperiment Farm- 

1 


l..._do. 

1 120 

1 

161 

1 

.6 


« Storage temperatures ranged from 0® to 2® 0, in each experiment. 


DESCRIPTION OF THE DISEASE 

ON THE LEAVES 

There is little to add to the previous description of the disease as it 
occurs on the leaves,^ The resemblance oi the symptoms of the 
black-rot disease to those of carrot blight (Macrosporium carotae E. 
and L.) might be emphasized, especially during the final stages when 
the outer leaves are l^ed. The writer has been unable to distinguish 
from macroscopic examination leaves lolled by Alternaria radidna 
pd M. carotae. The two diseases resemble each other in that there 
is a tendency for the outer leaves to be killed, but differ in that the 
blight lesions are more widely distributed over the foliage than are 
those produced by the black-rot organism. During blight epiphy- 
totics the entire tops are often killed. 

ON THE ROOTS 

The lesions as they occur on the sides of the roots are circular to 
irregular in outline, slightly depressed, usually shallow, penetrating 
from 1 to 3 mm. deep (fig. 1), When infection occurs at the crown, 
the decay generally penetrates rather deeply, particularly into the 
core.® As a rule, the color of the decay is almost jet black, but 
sometimes it is a greenish black. The black fungous growth may or 
may not occur on the surface of the lesions. 


ORIGIN OF THE DISEASE ON THE ROOTS 


PLACE OP STORAGE 


The storage house may be a source of the disease if it has been used 
for the storage of diseased roots. tJncontaminated and healthy roots 
do not become diseased if stored in a house that has not been con- 
tsurdnated by the previous storage of diseased roots. It would seem, 
therefore, that the disease has its origin in the field. 


M TO BI'A.CK EOT OF CAEORTS CAUSED BY ALTERNAEIA 

EmciNA N. SP. Phytophathology 12:159-166, illus. 1922. 

* Meiee, P. C., Deechsleb, C., and Eddy, E. I). Op. cit. 
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DISEASED FOLIAGE 

Evidence has been submitted to show that infection of the roots in 
storage results from infection of the foliage.® The following experi¬ 
ments, conducted during three seasons, substantiate this evidence. 

The carrots used in these experiments were grown in the grounds 
of the United States Department of Agriculture at Washington, D. C., 
on a small piece of ground suitable for carrot culture, but probably 
never employed for that purpose. They were planted between the 
first and twentieth of June each season. The ground was divided 
into two plots, one of which was inoculated and the other held as a 
check. The foliage was inoculated by thoroughly spraying it with a 
spore suspension of Alternaria radicina in humid weather during late 
August or early September For this purpose an atomizer was 
used. 



Fig. 1.—Typical lesions of black rot as they occur on the sides of carrot roots 

A pathological condition of the foliage resulted from the inocula¬ 
tions very similar® to that produced by Macrosporiwm carotae, which 
was also present to some extent each season. The disease spread 
after a time to the checks, but here it never became as severe as in the 
inoculated plot. 

Diseased leaves from these plots were examined in the laboratory 
from time to time each season. Alternaria radicina was found on 
many of the lesions and was isolated a number of times from diseased 
tissue, usually from the lower leaves. Macrosporium carofae was 
occasionally obtained instead of A, radicina. 

The roots were dug and stored in early November, and no disease 
was observed on them at that time. They were again examined at 
the end of the storage period (April and May). The results are 

8 Meier, P. C., Drechslbr, O., and Eddy, E. D. Op. cit. .... 

7 1920. Aug. 25, day of inoculation, sky cloudy; Aug. 26, heavy fog during morning, settling down to 
earth, foliage wet, drops of water on all the foliage; Aug. 27, fog during morning and rain during night. 

1921. Aug. 27, day of inoculation, rained night before and up to time of inoculation; cloudy all day and 

most of following night. . . , 

1922. September between seventh and fifteenth; cloudy during two days foUowmg moeulation. 

fi Meier, F 0., Drechslbr, C., and Eddy, E. D. Op. cit. 
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recorded in Table 1. Table 1 also contains data on carrots grown at 
Arlington Experiment Farm, Rosslyn, Va., and carrots grown at 
Williamson, N. Y. which were stored under the same conditions 
(temperature 0"^ to 2° C.) as those from the inoculated and check 
plots. 

An examination of Table 1 reveals the fact that there was an 
abundance of black rot in roots from inoculated foliage and a liberal 
amount in roots from the check, showing again that the disease spread 
from the inoculated to the check plot. A trace of black rot was found 
in stored carrots grown at Arlington Experiment Farm following the 
storage of diseased roots in the same room. It is believed that this 
trace had its origin in these diseased roots. 

The foregoing data would indicate that diseased foliage is a source 
of root infection were it not for the fact that the foliage disease has 
never been observed to occur naturally. In 1919 a careful examina¬ 
tion was made of plants growing in fields where carrots which devel¬ 
oped black rot had grown the previous year ® but no evidence of 
disease could be found. Several attempts have since been made to 
find the foliage disease but without success. The disease of the roots 
on the other hand, has been observed nearly every season since it 
was discovered. The contingency of the root disease upon the 
foliage disease must therefore be subject to question until the latter 
is observed to occur naturally. 

INFECTED SOIL 

The data recorded in Table 2 prove that it is not necessary for the 
disease to pass directly through foliage into the roots in order for 
them to become infected. These data were obtained from two of 
the experiments discussed on page 1027. The foliage was inoculated in 
late August; the roots were harvested in early November and stored 
at temperatures ranging from 0° to 2° C. until June the first season 
and until April the second. It will be seen from the data that more 
infections occurred at the sides of the roots than at the crowns. It 
is also possible that some of the infections at the crown occurred 
independently of the infection of the foliage. It is just as conceivable 
that the infections of the roots, and especially those on the sides, 
might originate from a contaminated soil as from a diseased foliage. 

Table 2.— Points on the roots of carrots at which infection produced hy Alternaria 

radidna occurred 


Season 

Number of roots infected on— 

Crown 

Side 

CD 

P 

Crown 

and 

tip 

Crown, 
tip, and 
side 

Tip 

and 

side 

1921 and 1922... 

32 

11 

179 

17 

■ 

89 

67 




1922 and 1923...... . 

5 

247 

60 

- ..- , ..... .. . I 


Altemariu radicina^ is a vigorous saprophyte and will live indefi¬ 
nitely on de^ organic matter. It is not unreasonable, therefore, to 
believe that it may live in the soil, and thus the soil may be a source 
of inoculum for the infection of the roots. Experiments are under 
way to determine whether or not soil may be a source of root infection. 


» Meier, F. C., Dbechsler, C., and Eddt, E. D. Op. eit. 
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Table 3. —Infection of carrots hy Alternaria radicina through irounds, rootlets^ and 

uninjured skin 

[Inoculations made by means of a spore suspension in carrot decoction in a glass tube sealed on the carrot 

with vaseline] 


Tem¬ 

pera- 

Dura¬ 
tion of 
experi¬ 
ment in 
days 

Inoculated over 
, freshly cut sur¬ 
face 

Inoculated over 
uninjured skin 

Inoculated over 
old wound 

Inoculated over 
rootlets 

ture, 

'’C. 

Number 
of carrots 
used 

Number 
of carrots 
infected 

Number 
of carrots 
used 

Number 
of carrots 
infected 

Number 
of carrots 
used 

Number 
of carrots 
infected 

i 

Number i Number 
i of carrots | of carrots 
i used ' infected 

13 

30 

5 

0 

10 
17 ; 

4 


I 

20 

28 

8 

8 

10 

' 

5 



METHOD OF INFECTION 

It was shown in Table 2 that infection could occur anywhere on 
the roots. The results recorded in Table 3 indicate not only that 
Alternaria radicina can infect carrot roots through fresh wounds, old 
wounds, and by w^ay of the remains of small rootlets that are always 
present on the roots, but that it is able to penetrate the uninjured 
skin. Infection occurs more slowly through the uninjured skin than 
by the other methods mentioned, indicating that the skin offers some 
resistance; in fact only the outer cells (four to five cells deep) were 
penetrated. The mycelium was found to encircle the cytoplasm in 
some instances, and in others to ramify through the entire cell. 
Fresh wounding is shown to be the most predisposing condition to 
infection. 

Table 4. —Influence of method of inoculation and types of wounding on infection 
of carrot roots hy Alternaria radicina 
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Tablf. 4 .—Inilncnee of method of irioculation and types of wounding on infecMon 
of carrot roots by Alternaria radicina — Continued 



The results recorded in Table 4 were obtained from experiments 
designed to determine the influence which the kind of wounding and 
the method of inoculation have on infection. An examination of the 
data obtained from the various methods of wounding where the car¬ 
rots were inoculated by being dipped in a spore suspension reveals 
considerable variation in the amount of infection. In one instance 
there was more infection when the carrots were not freshly wounded 
than when the skin was scraped off. It is believed, however, that 
these data taken collectively indicate that wounding increases the 
amount of infection. A partial explanation of the large percentage 
of infection among the unwounded carrots may be offered on the 
basis that most of the carrots in storage show some wounding. In 
fact it is almost impossible to harvest them without some wounding. 
The unwounded carrots in this instance represent the general run as 
they occur in storage, no precautions having’been observed to elimi¬ 
nate roots with old injuries unless the injury was extensive. An 
effort was made in some instances to select roots free from injury, 
but it was next to impossible to do so. It has been observed that 
Alternaria radicina is able to infect carrots through rootlets, and to 
some extent through the uninjured skin. It is therefore to be expected 
that the effect of wounding would be merely to increase the chances 
of infection. 

When the carrots were inoculated by placing a small flake of 
mycelium and spores on the roots, the percentage of infection was 
higher on all wounded surfaces than when the carrots were inoculated 
by^ means of a spore suspension. The percentage of infection on 
uninjured surfaces was less. Of course the data in these two instances 
are hardly comparable because the entire carrot, when it was inocu¬ 
lated by means of a spore suspension, was exposed to the inoculum, 
while in the other case the mycelium and spores were placed only on 
the uninjured skin. 
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In the last column of Table 4 are recorded the results obtained 
when carrots were inoculated by the insertion of a bit of mycelium 
and spores into the root tissue. This lot was run merely as a check 
to show that the inoculum ^vas virulent. The percentage of infection 
is low for this type of wounding and method of inoculation (Table 9). 


Table 5. —Influence of temperature and wounding on infection of carrot roots by 

Alternaria radidna 


Temperature, ® C. 

i 

Depres¬ 
sion of 
wet 
i bulb, 

, °C. 

1 

i 

Eela- 
! tive i 
i hu- 
i midity 

Dura¬ 
tion of 
experi¬ 
ment in 
days 

i 

1 Inoculated but not 

1 wounded 

Wounded and inocu¬ 
lated 

Num¬ 
ber of 
carrots 
used 

Num¬ 
ber of 
carrots 
infected 

Per¬ 
centage 
of car¬ 
rots in¬ 
fected 

Num¬ 
ber of 
carrots 
used 

Num¬ 
ber of 
carrots 
infected 

Per¬ 
centage 
of car¬ 
rots in¬ 
fected 

20. 

■ 

0.9 

92 

17 

1 

18 I 

4 1 

22 

12 

4 

33 

18. 

.8 

92 

17 

18 ! 

0 

0 

12 

8 

66 

14. 

.7 

91 i 

33 1 

18 i 

1 ) 

6 

12 

8 

66 

9. 

.9 

90 

33 

18 

1 

6 

12 

6 

50 

9. 

1 .9 

90 

33 

18 

0 

0 

12 

2 

17 

5. 

.7 

88 

33 

18 

0 

0 

12 

0 

0 

5. 

: .5 

92 

96 

17; 

6 

35 

12 

4 

33 

Totals._ 


1 

125 

12 


84 

32 


■ Averages.. 

. 1 . 



10 



38 

1 


1 







Table 5 contains the results of experiments designed to determine 
the influence of fresh wounding on infection at different tempera¬ 
tures. The roots were wounded by jabbing a nail into each ten 
times after the carrots had been inoculated by dipping them in a 
spore suspension. It will be seen that there is more infection in 
the wounded carrots at all temperatures except at 5° C., and here 
the percentage is about the same in the wounded and the unwounded. 
Temperature seems to have little effect on the number of infections 
if sufficient time is allowed to permit the maximum to develop at 
the different temperatures. There is less infection at 20° than at 
18° in spite of the fact that 20° is nearer the optimum than 18°. 
Considering the data collectively, there was 38 per cent infection 
when the carrots were freshly wounded in contrast to 10 per cent 
when they were not wounded. 

The method of wounding in this experiment was severe, but it 
shows quite clearly that wounding may become a factor of impor¬ 
tance. Just such wounding often occurs in commercial practice 
when a fork is used in handling the crop. 

Another type of wounding occurs during the process of harvesting. 
Some growers cut off the tops by means of a hoe before the roots are 
taken from the ground. ^ During this operation many of the crowns 
are removed and the roots are otherwise injured. This type of 
wounding is worse than any other, because usually the decay pene¬ 
trates more deeply when it enters through the crown than through 
the side of the roots. 
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Table (j.—Relaiion of tcinperature to the growth of AUernaria radidna on carrot agar 


Temperature 

Area of 
colonies 

Duration 
of grow¬ 
ing period 

Temperature 

Area of 
colonies 

Duration 
of grow¬ 
ing period 


Sq. mm. 

Days 


Sq. vim. 

Days 

39 n 

0 

8 

5.0. 

0 

8 

33 fi 

174 

S 

14.4. 

1,460 

17 

30 0 

2,578 

4,144 

3,193 

2,801 

1,831 

8 

12.0. 

1,092 

942 

17 

28. n . 

8 

9.0. 

17 

17 

24 7 

8 

5.0. 

71 

23 0 

8 

9.4. 

3,486 

37 

20 0 * . 

8 

4.4. 

1,301 

1,279 

318 

37 

18.4 

1,261 

387 

8 

3.0-. 

37 

14.4 , 

$ 

1.1. 

37 

12 0 

258 

8 

-0. 5 . 

61 

37 

1 

9.0. 

87 

8 



INFLUENCE OF TEMPERATURE ON THE GROWTH OF THE 
PATHOGENE IN CULTURE 


Three experiments were conducted to determine the range of 
temperatures at which AUernaria radidna will grow on carrot agar 
and to ascertain the optimum temperature for growth. Table 6 
shows the results obtained in these experiments. The results at 
the temperatures 9.4°, 4.4°, 3°, 1.1°, and -0.5° C. were obtained 
in one experiment; those at the remaining temperatures are the 
averages of two experiments. A carrot decoction was made by 
steaming 500 gm. of peeled and finely chopped carrots for an hour in 
1,000 c. c. of distilled water. Twenty gm. of agar was then added to 
1,000 c. c. of this decoction. The fungus was grown in 200 c. c. 
Erlenmeyer flasks plugged with cotton, each flask containing 40 c. c. 
of the medium. The diameter of the colonies was measured by 
means of calipers devised for the purpose.^^ 

No growth had occurred at temperatures of 39° and 5° C. at the 
end of eight days. Thirty-nine degrees is probably near the maxi¬ 
mum temperature for growth. Considerable growth occurred at 5° 
by the end of 17 days. Some growth took place at - 0.5° in 37 days. 
No attempt was made to grow the fungus at temperatures below 
-0.5°. The amount of growth represented by the area of the 
colonies increased rapidly as the temperature rose alx)Ye 5° until it 
reached 28°, the optimum temperature for growth as indicated by 
the results obtained at the end of eight days. 

A decrease in the amount of growth occurred as the temperature 
rose above 28°. There was a large increase as the temperature rose 
from 5° to 14.4° at the end of 17 days and from -0.5° to 9.4° at the 
end of 37 days. These relations are graphically represented in 
Figure 2. 


IB The tem^rature experiments discussed in this paper were conducted in chambers described in an 
^iwr publication. Lautritzen, J. I., and Harteb, L. L. species op rhizopxjs responsible for the 
decay op sweet potatoes in the storage house and at different temperatures in infection cham¬ 
bers. Jour. Agr. Research 24: 441-456, Ulus, 1923. 

AQE^^JWir^^S*^*R^WCh BLACK ROT OF SWEET POTATO IN STOR- 
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T£MP£/^ATaJ9E /N DEG£££5 CENT/SPADE 

Fig. 2.—Growth of AUfmaria radicina on carrot agar at different temperatures for 8,17, and 37 

days, respectively 


Table 7. —Influence of iemperaiure on the development of hlach rot of carrot after 

different penods of time 


Temperature 

Number 
of lesions 
measured 
after 8 
days 

1 

Average | 
area of | 
lesions j 

1 

1 

Number 
of lesions 
measured 
after 15 
days 

1 

Average 
area of j 
lesions i 

j 

Number 
of lesions 
measured 
after 21 
days 

Average 
area of 
lesions 

Number 
of lesions 
! measured 
after 35 
days 

Average 
area of 
i lesions 

°C. 


Sg. mm. 


1 1 

Sg. mm. 


Sg. mm. ! 


Sq. mm. 

34.0 

2 

17 







.32 0 

39 

36 

19 

53 1 





28 n 

53 

132 

24 

504 ' 





24 Ft 

55 

75 

48 

313 1 





23-0 

52 

66 

30 

247 





Of) 0 

57 

38 ' 

47 

117 





19 0 

56 

44 ! 

56 

155 





14.0 

46 

21 

56 

49 

53 

101 



n 0 



50 

47 

49 

99 



9.7 . 

43 

8 



i 50 

42 

53 

117 

5.0. 

0 

" 0 



1 30 

12 

49 

23 

3.5. 





i 13 

16 

52 

18 






i 






























JLUU^t 


Journal oj Agricultural Eesearch 


Vol. 33, No. 11 


INFLUENCE OF TEMPERATURE ON INFECTION AND ON THE 
DEVELOPMENT OF DECAY 


The results recorded in Table 7 were obtained in an experiment 
that had for its purpose the determination of the influence of tem¬ 
perature and time on the development of black rot. 

The carrots were inoculated by inserting a small flake of mycelium 
and spores into the tissue of the root in two places on opposite sides 
near the top where the diameter was large. The flakes of mycelium 
and spores were as nearly as possible of the same size and character 
in each inoculation. The roots were selected in such a way that 
those at the different temperatures were comparable in size and shape. 
Thirty roots were placed at each temperature, and the average area 
of the lesions was computed from the total number that developed 
at each temperature. This number was fairly uniform except at 
the higher temperatures (32°'and 34° C.). There was a decrease in 
the number of lesions at 20° and above with the lapse of time because 
of decay produced by RMzopus sp. Penicillium sp., and Bacillus 
caroiovorus. There was also an increased number of lesions with 
time at the lower temperatures because of the increased number of 
infections. In all cases except at 34° the number of lesions was 
sufficiently large to give a representative average. 

The optimum temperature for the enlargement of the lesions was 
found to be 28° C. at the end of 8 and 15 days. As the temperature 
rose above this point there was a marked decrease in the average size 
of the lesions. The maximum temperature for infection was not 
determined, because at temperatures above 30° decay caused by 
such organisms as Ehizopus sp. and Penicillium sp. was rapid. 
Judging by the drop in the size of the lesions at temperatures above 
28° the maximum temperature for infection is not much higher than 
34°. As the temperature fell below the optimum, the size of the 
lesions decreased rapidly to a minimum at a temperature between 
5° and 9.7° at the end of 8 days, 5° at the end of 21 days, and 3.5° 
at the end of 35 days. At the end of 15 days no measurements were 
made below 11°. 

The relation of temperature to the enlargement of lesions after 
different periods of time is shown in Figure 3. There is a sag in the 
curve made from measurements taken at the end of eight days. 
This sag tends to straighten out during the successive periods, a fact 
which seems to be due in part to a proportionately more rapid enlarge¬ 
ment of the lesions with the lapse of time at the moi'e favorable 
temperatures than at the border temperatures. This relation is 
illustrated in^ Figure 4. The same relation was found to exist in 
connection with the study of the influence of temperature and time 
on the decay of sweet potato by EMzopus fritici Saito;^^ in fact, it 
was shown more clearly because more comparable intervals of time 
were selected and the experiments included a greater number of 
periods. 

This behavior may be partially explained on the basis of the differ¬ 
ential enlargement of the lesions. Because of the influence of tem¬ 
perature, there is a progressively augmented differentiation of the 
areas exposed to the action of the fungus with the lapse of time.^^ 


Habter, L. L, the influence op temperature on the infection and decay 
POTATOES BY DIFFERENT SPECIES OP RHizoPUS. JouF. Agt. Research 30: 793-810, fig. 9. 1926. 
AGE. bei^tions of black rot of sweet potato in stor- 
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Hence not only does the rate of enlargement of the lesions as measured 
hy their areas increase with the lapse of time, but this rate is aug- 

------- mented with the rise in 

I temperature from the 

/ minimum to the opti- 

t mum. As the temper- 

/ ature rises above the 

^_ I _optimum the process 

/ is reversed and the rate 

/ decreases proportion- 

- j —-ately with the rise in 

[Jj j 1 temperature and the 

-f-1- J lapse of time. 

^ f T Infection of carrots 

i 1 Alternaria radicina 

4 occurred at a tem- 

^ / perature as low as — 0.6^ 

- 1 -C. (Table 8) in 43 days, 

^ / but considerably more 

j decay occurred at 0.5^ 

j -same time. 

^ It “Will be seen from the 

_ [ _resultsrecordedinTable 

j 8 that it is not possible 

^ to store carrots at a tem- 

-4-perature beyond the 

i5 hA range of infection with- 

^ w \f A out exposing them to the 

/po ^ -y yA danger of freezing. iJl 

I - y / \ that can be done if the 

go ___disease is present is to 

Y w \ retard infection and the 

^ _ J 5 / y advance of decay by 

^0 --storing the carrots at 

\ temperatures ranging 

J ^ I I I I froiA 0° to 2^ This 

5 /o /5 20 25 30 35 temperature is favor- 

TBMPaRATUI^B ,N DB6BBBS CBNVSBAOB 

Fig. 3.--Enlargement of lesions with rise in temperature after 

S, 15, 21 , and 35 days, respectively Cari OtS. 

Table 8 .—The lower temperature limits at which Alternaria radicina will infect 

carrots 


Tem¬ 

pera¬ 

ture, 

°C. 

Dura¬ 
tion 
of ex¬ 
peri¬ 
ments, 
in 

days 

Method of inoculation 

Num¬ 
ber of 
carrots 
used 

Num¬ 
ber of 
carrots 
in¬ 
fected 

Per¬ 
cent¬ 
age of 
carrots 
in¬ 
fected 

Degree of decay 

4.4 

62 

Dipping carrots in spore 
suspension. 

129 

65 

50 

10 to 100 per cent. 

1.3 

158 


510 

211 

41 

Lesions mostly small; 
occasional lesion large. 

.5 

43 

Inserting mycelium and 
spores into roots by 
means of scalpel. 

no 

98 

89 

Lesions 1 by 5 mm. to 4 
by 8 mm. diameter. 

-.6 

43 


72 

51 

' 71 

Infection just started-— 
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Fig. 4.~Influence of temperature and time on the enlargement of lesions caused by AUernaria 
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VARIETIES AND SUSCEPTIBILITY 

A study was made of the susceptibility of 17 yarieties of carrots to 
infection by Alternaria radicina. Most of the varieties were used 
during two seasons. 

The seed of the following yarieties was obtained from a commercial 
firm in Paris, France: Jaune obtuse du Doubs, Blanche a collet vert 
(hors terre), Blanche lisse demi-longue, Rouge demi-longue de 
Danvers, Rouge longue de Saint-Valery, Rouge demidongue de 
Chantenay, Rouge demi-courte de Guerande, Rouge demi-longue 
d^Amsterdam, Rouge a forcer Parisienne, and Rouge demi-longue 
Nantaise. The seed of the following varieties was obtained from 
a firm in Boston, Mass.: Carter’s Nantes, Carter’s Early Market, 
Carter’s Red Elephant, Carter’s Scarlet Perfection, Carter’s Long 
Forcing, and Carter’s Summer Favorite. The seed of Danver’s 
Half Long was procured from a firm in Washington, D. C. 

The carrots were grown at the Government experiment farm at 
Rosslyn, Va., on soil of uniform character and suitable for carrots. 
The different varieties were planted at the same time and were har¬ 
vested and stored under the same conditions. Medium-sized roots for 
the particular variety were selected in each instance. In one experi¬ 
ment the carrots were washed in tap water and allowed to dry under 
laboratory conditions. A small flake of mycelium and spores was 
then inserted in the root tissue on one side near the top of the carrot 
by the use of a small pair of forceps. The quantity of mycelium and 
spores was as nearly as possible the same in each inoculation. Imme¬ 
diately after treatment the carrots w^ere stored in wire baskets 
(12 by 12 inches) at a temperature of 13° C. in a room provided with 
air exchange. 


Table 9 . —Susceptibility of 12 varieties of carrot to attach by Alternaria radicina 
when roots were inoculated by insertion of mycelium and spores 


Variety 

i Number 

1 of car- 
1 rotsin- 
, oculated 

Number 
of car¬ 
rots in¬ 
fected 

Percent¬ 
age of 
carrots 
infected 

Average 
diameter 
of lesions 
in milli¬ 
meters 

Rouge demi-longue de Danvers... 

.! 39 

39 

100 

6,9 

Carter's Nantes_______ 

..! 39 

38 

y7 

7.1 

Rouge longue de Saint-Valery... 

-.i 39 

36 

92 

7.0 

Rouge demi-longue Parisienne.. 

.! 40 

40 i 

100 

7.9 

Rouge demi-c50urte de Guerande... 

.-.. 40 

40 

100 

4.6 

Rouge demi-longue de Chantenay.. 

..: 40 

38 

95 

6.7 

Carter’s Long Forcing.-. 

.j 38 

37 

97 

6.5 

Carter’s Scarlet Perfection.. 

__41 

40 

97 

6.3 

Rouge demi-longue Nantaise. 

. 37 

37 

100 

S.1 

Carter’s Early Market.. 

.i 40 

! 40 

100 

8.9 

Rouge demi-longue d’Amsterdam- 

40 

1 35 

88 

7.0 

Carter’s Red Elenhant _ _ _ 

_ . : 41 

i 41 

100 

9.6 

! 





The results recorded in Table 9 were obtained after 11 days. 
-There was very little difference either in the percentage of infection 
or the average diameter of the lesions in the 12 varieties used. Rouge 
demi-longue d’Amsterdam showed the lowest percentage of infection 
but not the smallest average diameter of the lesions. This method 
provides a severe test of pathogenicity, first because it eliminates 
any resistance that may be offered by the skin of the roots, and, 
second, because it provides for a large quantity of inoculum at the 


















2038 Journal of Agrwdturd Research voi. 33 , No. ii 


point of inoculation. An effort was therefore made to determine 
the susceptibility of a number of varieties under conditions of in¬ 
fection that simulate more nearly the conditions that obtain in storage 
(except where infection occurs through the tops). 

Table 10 contains the results of experiments conducted during 
two seasons. In each group of experiments the carrots were care¬ 
fully washed to avoid wounding, dried, and inoculated by dipping 
in a spore suspension of the pathogene. In 1924 they were stored at 
a temperature of 13° C. and a relative humidity ranging from 75 to 
90 per cent; in 1925 they were stored at a temperature of 10° and a 
relative humidity ranging from 88 to 96 per cent. 

Table 10 .—Susceptibility of 17 varieties of carrot to attack by Alternaria radicina 
when the roots were inoculated by dipping in a spore suspension 


Variety 

1924 

1925 

Total 
percent¬ 
age of 
carrots 
infected 

Number 
of carrots 
used 

Number 
ofcarrots 
infected 

Percent¬ 
age of 
carrots 
infected 

Number 
of carrots 
used 

Number 
of carrots 
infected 

Percent¬ 
age of 
carrots 
infected 

Rlfinehe i\ collet vert (hors terrel_ 




24 

1 

4.2 

4.2 

Blanche lisse demi-longue_ 




18 

2 

11.1 

11.1 

Carter’s Early Market'.. 

43 

5 

11.6 

44 

3 

6.8 

9.2 

Carter’s Long Forcing. 

47 

3 

6.4 

117 

0 

0 

1.8 

Carter^s Nantes.. 

45 

0 

0 

70 

5 

7.1 

4.3 

Carter’s Red Elephant__ . 

43 

3 

7.0 




7.0 

Carter's Scarlet Perfection. 

47 

6 

12.8 

40 

§ 

5.0 

9.2 

Carter’s Summer Favorite__ 

. 



42 

10 

23.8 

23.8 

Danver’s Half Long... 

1 44 

1 

2.3 

46 

1! 

2.2 

2.2 

Rouge demi-longue de Danvers. 

1 44 

3 

6.8 

26 

2 

7.7 

7.1 

Jaune obtuse du Doubs.... 




25 

1 

4.0 

4.0 

Rouge a forcer Parisienne. 

! 45 

15 

33.3 

45 

11 

24.4 

28.9 

Rouge demi-courte de Gu6rande. 

44 

2 

4.5 

35 

0 

0 

2.5 

Rouge demi-longue d’Amsterdam. 

43 

1 

2.3 

54 

2 

3.7 

3.1 

Rouge demi-longue de Chantenay. 

1 46 

3 

6.5 

34 

5 

14.7 

10.0 

Rouge demi-longue Nantaise... 

1 . 



89 

6 

6.7 

6.7 

Rouge longue de Saint Valerv. 


0 

0 




0 


1 45 








All Yarieties proved to be susceptible except Rouge longue de Saint 
Valery, which, however, was used in only one year. In the case of 
three other yarieties there was no infection in one or the other of the 
years, and it is therefore possible that this variety might also have 
become infected if it had been used in another trial. It was shown 
(Table 9) that Alternaria radicirm is capable of infecting this variety 
when it is inoculated by inserting mycelium and spores into the 
tissue, and the quantity of decay was as great as in most of the other 
varieties. 

There is some variation in the percentage of roots infected, but 
for the most part these differences lie within the limits of experi¬ 
mental error. 

There are two outstanding cases of susceptibility. Rouge h forcer 
Parisienne and Carters’ Summer Favorite. In the case of the former 
the percentage of infection was large both in 1924 and 1925. There 
is a possible explanation for susceptibility in this instance. Rouge 
k forcer Parisienne is a short stubby carrot which grows very rapidly. 
In consequence, abundant growth cracks develop in the roots, and 
although most of these heal over the healing is imperfect, leaving 
areas unprotected by the skin tissue. It is true that Rouge demi- 
courtej de^Gu4rande is also nearly always growth-cracked and does 
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not show a marked susceptibility to infection, but the cracking seems 
to heal more perfectly. 

Carter’s Summer Favorite, judging by one trial only, seems particu¬ 
larly susceptible. More work will be done on this variety. 

It is important to note that Danver’s Half Long, America’s greatest 
commercial variety, shows a consistently low percentage of infection. 
Rouge demi-longue de Danvers, which is supposed to be the same 
variety, shows consistently a higher percentage of infection. Whether 
or not we are dealing here with different strains, is not known. It 
is known, however, that there is considerable variation in Danver’s 
Half Long in the size and shape of the roots and that the roots from 
French seed have been consistently larger than those from American 
seed. In any case Danver’s Half Long, whether of American or 
French origin, ranks with the less susceptible varieties. 

DISCUSSION AND SUMMARY 

Carrot roots free from black rot and from contamination with the 
pathogene do not become infected when stored in a house which has 
not been contaminated by the previous storage of black-rot carrots. 
It would seem, therefore, that the disease has its origin in the field. 

Carrot foliage inoculated with a spore suspension of Alternaria 
radicina became infected with a disease which very closely resembles 
carrot blight. Roots from plants whose foliage was inoculated 
showed no evidence of infection at harvest time (early November), 
but showed heavy infection at the termination of the storage period 
(April and May). These results point to a possible connection 
between foliage infection and root infection, but the negative results 
obtained from attempts to find the foliage disease under field con¬ 
ditions tend to discredit this view. 

A larger number of infections from foliage inoculation occur at the 
sides of roots than at the crown, showing that it is not necessary for 
the pathogene to pass directly through the foliage to the roots. 
It would seem that the infections on the sides of the roots at least 
were produced by contamination wdth the pathogene from one of 
the following sources: (1) From the washing of spores from the 
foliage to the soil and roots; (2) from contact with foliage at harvest 
time, and (3) from the soil before and at the time of digging. Since 
Alternaria radicina is a vigorous saprophyte and can live indefinitely 
on dead organic matter, it would appear reasonable to believe that 
it might live in the soil, especially if decaying carrot roots and foliage 
were present. The roots could thus become contaminated through 
the soil and in turn infected during storage. This conception would 
account for the black rot of the roots in storage in the absence of the 
foliage disease, 

Alternaria radicina is capable of infecting carrot roots through the 
uninjured skin. Such infection occurs very slowly, penetrating only 
a few cells deep. The mycelium sometimes surroimds the cyto¬ 
plasm and at other times ramifies throughout the entire cell. 

It is not necessary for the fungus to gain entrance through the unin¬ 
jured skin; it can enter readily through old wounds, rootlets, and 
through fresh wounds. Old woimds are abundant in aU stored 

^Vilmoein-Andrieux et Compagnie. the vegetable garden; illustrations, descriptions, 

AND CULTURE OF THE GARDEN VEGETABLES OF COLD AND TEMPERATE CLIMATES. English Cd- pub. Under 
lihe direction of W. Robinson. Ed. 3. p. 197-198, London. 1920. 




1040 


Journal of Agricultural Research 


Vol. 33, No. 11 


carrots, for it is impossible to harvest and store them without some 
wounding. Fresh wounding increases the opportunity for infection, 
the worse it is the greater the infection. 

Temperature has little effect on the number of infections if suffi¬ 
cient time is allowed to permit of the maximum infection, except at 
the border temperatures. 

Alternaria radicina will grow on carrot agar at temperatures rang¬ 
ing from -0.5'' to 33.6° C. There was no growth at 39° in 8 days, 
but there was considerable growth at -0.5° in 37 days. Growth 
might have occurred at - temperatures between 33.6° and 39° or 
below -0.5° had these temperatures been employed. 

The optimum temperature was found to be 28° C. The decrease 
in the rate of growth as represented by the area of the colonies was 
rapid as the temperature rose above or fell below this point. 

The temperature range for infection of carrots by Alternaria radi¬ 
cina extends from -0.6° to 34° C. This range is slightly wider than 
that for growth of the fungus, but this fact can be explained on the 
basis of the temperatures employed in the two instances. It is 
impracticable to determine the upper temperature limit of infection 
because carrots decay rapidly at the higher temperatures from the at¬ 
tack of such fungi as RMzopus sp, and Penicillium sp. It is possible 
that infection might have been obtained at temperatures below — 0.6° 
had these been employed, but a temperature even as low as —0.6° 
is too low for the practical storage of carrots. The best that can 
be done if the black-rot disease is present is to store the carrots at 
temperatures of from 0° to 2° C. and thus reduce the amount of 
infection and decay to a minimum. 

The optimum temperature for infection and decay of carrots by 
Alternaria radicina is about 28° C. as shown by the results both after 
8 and after 15 days. This optimum is identical with the optimum 
for growth of the pathogene. It is not thought, however, that the 
optima are as definite as these data would indicate. It is expected 
that they would vary somewhat if slightly different temperatures 
were employed. 

There is a rapid decrease in the rate of enlargement of the lesions 
as the temperature is raised above or lowered below 28° C., par¬ 
ticularly when it is raised above. There is a lag in the rate of en¬ 
largement of the lesions and in the number of infections in the early 
stages of infection and decay at temperatures below 19°, but the 
tendency is for this lag to be recovered with time. 

The rate of growth of the fungus as represented by the area of 
the colonies in carrot agar is much greater at all temperatures than 
the rate of enlargement of the area of lesions. This fact is well 
illustrated in Figures 3 and 4 by the curves drawn from data obtained 
at the end of eight days. 

Alternaria radicina has been shown to be capable of infecting 17 
varieties of carrots. There is little difference in the number of infec¬ 
tions or degree of decay as measured by the increase in the diameter 
of the lesions in 12 varieties when the roots are inoculated by inserting 
into them a small flake of mycelium and spores and storing them under 
the same conditions. 

When carrots were inoculated by being dipped in a spore suspension, 
the Carter’s Summer Favorite variety showed a marked susceptibility 
in the one experiment in which it is used. Rouge k forcer Parisienne 



Dec. 1,1926 


Relation of Black Rot to Storage of Carrots 


1041 


was the most pronouncedly susceptible variety. The susceptibility 
of this variety was consistently high during the tw^o seasons in which 
it was used. Danver’s Half Long, vrhether the seed was obtained 
in the United States or from France, was one of the least susceptible 
of the varieties. When the roots of Rouge longue de Saint Valery 
were dipped in a spore suspension this variety showed no infection 
in the one trial in which it was used. This fact does not prove its 
immunity. Three other varieties showed an absence of infection in 
one experiment and the presence of infection in another. Rouge 
longue de Saint Valery did become infected when inoculated by 
inserting a flake of mycelium in the roots. 
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THE RELATION OF SEASONAL FACTORS TO QUALITY 
IN SWEET CORN' 


By C. A. Magoon and C. W. Culpeppeb, Office of Horticulture, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In the course of studies designed to throw light upon the factors 
concerned with the quality of sweet corn grown for canning purposes^ 
the results of which have been reported in part in an earlier paper 
{S),^ the degree of maturity of the corn at the time of harvesting was 
found to be of prime importance. Since, however, the rate of coming 
to maturity is known to be affected by seasonal conditions, and since 
in the earlier experiments corn was studied from plantings made in 
the early spring only, it seemed desirable to determine to what extent 
quality in sweet corn is affected by the season during which it comes 
to canning maturity. 

Accordingly, in the spring of 1924 plans were laid for a series of 
plantings to be made at intervals throughout the spring and summer, 
and both field and laboratory studies to be made of the corn derived 
from these plots. In the present paper the details of these experi¬ 
ments will be set forth and the results of the work discussed. 

PLAN OF WORK 

Two varieties—Golden Bantam, representing the early corns, and 
Stowelks Evergreen, representing the late—^were selected for the 
experiments. 

The ground chosen for the experimental plots was located at Arling¬ 
ton Experiment Farm, on the Virginia side of the Potomac Eiver 
near Washington, in that portion known as the “flats,’’ which was 
formed some years ago by hydraulic fill from the river channel. In 
contour the land was nearly level. The soil was a deep, rich loam 
provided with tile subsurface drainage. 

Beginning at thelearliest feasible date, it was planned to make 
plantings of each variety at intervals of 10 days throughout the 
season, or for a period sufficiently long to be sure that the entire 
growing season would be utilized. Unfavorable seasonal conditions 
and other factors interfered to some extent with the working out of 
this plan, but in all 13 plantings were made of Golden Bantam and 
12 plantings of Stowell’s Evergreen. The ^actual planting dates 
were: April 28, May 5, 10, 23, and 31, June 7, 17, and 27, July 9, 19, 
and 28, and August 7, and 19. 

The seed was well selected and was purchased in'sufficient quantity 
to make possible the seeding of all plots from theTsame lots of seed. 

The seed was drilled in hj hand machine andfthe seeding made 
purposely heavy so as to assure a good stand. When the plants were 

1 Received for publication June 19, 1926; issued December, 1926. 

2 Reference is made by number (italic) to “Literature cited,*’ p. 1072. 
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sufficiently large each plot was thinned, leaving vigorous plants 
spaced at about 9 inches in the row in the ease of Golden Bantam 
and from 14 to 16 inches in the case of Stow^elPs Evergreen. 

Standard cultural practices were used throughout and all plots 
received like treatment. 

Field records vrere kept of the dates when tassels were first observed 
in the various plots and of the time and rate at which the silking 
occurred, tags of different colors marked with the proper dates being 
attached daily to the plants showing new silks, as in previous experi- 
ments. 

Considering the day on which the silks of individual ears first 
appeared as the starting point from which to calculate the age of 
the corn, samples were taken when the corn was five days old and at 
intervals of five days thereafter throughout the entire period of 
development. Upon these samples determinations were made of 
the weight of the whole ear, husk, cob, and cut corn, and from each 
lot at these various stages samples of the cut corn were taken for 
chemical analysis. Beginning with corn at the 10-day stage, tests 
were made at 5-day intervals thereafter to determine the degree of 
toughness of the kernels as measured by their resistance to puncture; 
and, beginning at the 15-day stage, practical canning tests were 
performed at 5-day intervals on corn from each of the plantings 
until it was well past canning maturity. In this way it was possible 
to follow through the entire history of each plot of corn; to study 
the relation of seasonal conditions to the vegetative activities of the 
plant; to observe the rate at which maturity progressed; to ascertain 
the nature and degree of chenaical transformations occurring within 
the grain; and, finally, to determine the effect of these various 
factors on the quality of the canned product. 

SEASONAL DATA 

The meteorological data for the period April 16 to November 30, 
inclusive, are given in some detail in Figure 1. 

This chart is self-explanatory except in two particulars—the curve 
for mean daily temperature is based upon hourly readings throughout 
the entire period, the combined records showing the actual tempera¬ 
ture conditions under which the corn was grown and studied; the 
other exception is in respect to the sunshine and cloudiness records. 
The height of the daily columns is here determined by the number of 
hours of possible sunshine, the variable width of the band formed by 
these daily columns corresponding to the varying day lengths as the 
season advanced. 

Particular attention is called to the curve showing the daily mean 
temperature as compared with the normal mean for the same period. 
It is noted that dui’ing the early spring, that is, during the latter half 
of April and the first week of May, the temperature did not vary 
much from normal. The latter two-thirds of May and the first half 
of June were abnormally cool, the maximum temperature frequency 
falling some distance below the normal mean for that period. From 
the middle of June to the first of September the average temperature 
did not vary much from normal, though for a few days in the middle 
of August it remained somewhat below normal, and the month 
closed with a short hot period which reached its highest temperature 
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on the 31st. With the 
beginning of September 
there was an abrupt 
change, the temperature 
dropping considerably be¬ 
low normal and remain¬ 
ing abnormallj^ cool for 
almost the entire month. 
October showed the usual 
fluctuations. Several light 
frosts were recorded dur¬ 
ing the^ month, but the 
first killing frost occurred 
on the night of the 21st. 
The first half of Novem¬ 
ber was unusually warm, 
with occasional sharp 
drops in temperature. On 
the night of the 16th 
there was a hard freeze, 
and for several days the 
temperature was consid¬ 
erably below normal. For 
the last third of the month 
about average tempera¬ 
ture conditions prevailed. 

The season was a par¬ 
ticularly favorable one for 
observing the effect of 
variations in rainfall on 
the development and ma¬ 
turing of sweet corn, as 
during this period every¬ 
thing from flood to pro¬ 
longed drought was en¬ 
countered . Immediately 
after the third planting 
was made heavy rains up 
the valley of the Potomac 
forced the river out of its 
boun'ds, and for one or 
two days those plantings 
which had been made, as 
well as the adjacent land 
where later plantings were 
to be made, were under 
water. The remainder of 
May was abnormally wet. 
The rainfall for June was 
a little below normal but 
was fairly well distributed. 
With the exception of one 
abundant rain about the 
8th of the month, July 
was practically rainless, 



ViQ. 1.—Meteorological data for the season of 1924 at Arlington Experiment Farm, Rosslyn, Va. 
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the total rainfall for the month being less than one-half the normal 
quantity; and it was not until about the 12th of August that suffi¬ 
cient rain fell to be of material benefit to the crop. With the break¬ 
ing of the drought, the remainder of August had about the normal 
amount of rain. The precipitation during September was well dis¬ 
tributed and about normal for the month, up to the last two days, 
when there was a downpour totaling somewhat over 5 inches. Octo¬ 
ber was entirely rainless except for the 28th, when 0.7 inch of rain 
was recorded. November received about 60 per cent of its normal 
precipitation. 

Brief notice should be taken of the sunshine record for this period. 
Dm'ing May and June there was a small deficiency in sunshine. 
July, which normally has a slightly higher percentage of sunshine 
than any other month, during this season had an excess of a little 
over 31 hours. August had a considerable excess, amounting to over 
54 hours, whereas September had a very considerable deficiency. 
The amount of sunshine for October was far above normal, con¬ 
comitant with the rainless period. The data for November show a 
deficiency. 

The importance of these various seasonal factors as affecting sweet 
corn wiU be shown as the results of this study are set forth. 

TIME AND RATE OF SILKING 

The time of planting has a very important bearing on the develop¬ 
ment of the sweet-corn crop. It has been a matter of common 
observation that very early planting does not necessarily result in a 
particularly early crop, and even in those regions where the growing 
season is short and frost hazards are encountered in the early fall the 
grower has some leeway as to the time when the planting may be 
done and still have the corn come to canning maturity. In other 
words, experience has shown that a dijfference of several days to a 
week in the time of planting in the early spring makes no noticeable 
difference in the time at which the corn comes to harvest.^ 

In the present experiments an opportunity was offered to study 
this matter rather closely, and the results of these observations are 
illustrated in Figures 2 and 3. No graphs are included in these 
figures for the last planting of each variety, since these plantings had 
not reached the silking stage when the crop was killed by frost. The 
individual graphs are so placed as to show by the ordinates the rela¬ 
tive positions of the different plantings with respect to planting 
dates, and by the abscissas the period of time during which silking 
occurred. The height of the columns for different days in the individ¬ 
ual graphs shows the percentage of the total silks that made their 
appearance on individual days. 

In a chart constructed in this way the graphs for the different plant¬ 
ings, provided no seasonal or other factors modified the rate at which 
crop growth proceeded, would show the peak of silking at a definite 
interval from the planting date, and a line drawn through the points 
on the chart representing these dates would be a straight line. Such 
a line is represented in Figures 2 and 3. The position of this line 
with respect to the graphs in each of these figures was determined by 
taking as the interval between planting and silking the shortest 


rs! expe^entai work on field corns by Morrow and Hunt 

(e), s'oster ( 4 ), Morrow and Bone (^), and Alberts (i). 
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period actually observed in the tests. In the case of Golden Bantam 
this period was 55 days, and in the Stowell’s Evergreen, 63 days. 

In the case of Golden Bantam it is seen that the first planting 
required about 25 days longer to arrive at the peak of sil kin g than 
did the seventh and eighth. The second and third plots which 
were planted five days apart arrived at the peak of silking on the 
same day, and required 22 days more than the seventh and eighth 
plots to arrive at the same stage of development. In later plantings 
the interval from planting to silking was gradually reduced until 
the shortest w^as reached in the seventh and eighth plots. In the 
succeeding plantings there was a gradual lengthening of the period 
again, which was particularly marked in the last planting. 



JUNE JULY AUGUST SEPTEMBER OCTOBER 

SILKING TIME 

Pig. 2.—Effects of seasonal conditions on the time and rate at which the different plots of Golden 
Bantam sweet com came into silking 


In the case of Stowell^s Evergreen the picture is entirely similar, 
though the variations from the minimum period are even more pro¬ 
nounced than has been observed in the case of Golden Bantam. 
Here the interval between planting and midsilking, in the case of 
the first planting, was about 30 days longer than that required by 
the seventh and eighth plantings to reach a comparable stage of 
development, and a very considerable lengthening of the period was 
observed in the last planting. 

The experimental findings, therefore, accord with practical observa¬ 
tions in showing that very little is to be gained with respect to earli¬ 
ness of the sweet-corn crop by very early planting, and that the 
grower desiring to have a succession of harvests at more or less defi- 
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nitc intervals will need to time Iiis early spring plantings at con¬ 
siderably longer intervals than with the late spring plantings. 

The factors responsible for the variations here observed and the 
further significance of these variations as affecting the harvest will 
be discussed at greater length further on in this paper. 

VEGETATIVE CONDITION OP CROP 

The effect of seasonal conditions upon the development of the 
different plots of com was very striking. Judged purely by appear¬ 
ance, one would have considered the various plantings, particularly 
of Stowell’s Evergreen, as made up of a number of different varieties 



•JULY AUGUST SEPTEtlBER OCTOBER 

3JLK/NG TfriE 

Fig. 3.—Effects of seasonal conditions on the time and rate at which the different plots of 
Stoweirs Evergreen sweet corn came into silking 

In those plots whose normal vegetative growth period feU within the 
season of drought.the plants were stunted, and in those cases in which 
silking occurred during this period the ears were particularly affected. 
Often ears that from external appearance were judged to be normal 
on husking would exhibit large full-grown cobs with only scattering 
kernels or almost none at all. In these cases difficulty was encoun¬ 
tered in getting sufficient corn to meet sampling needs. From the 
standpoint of yield, such corn was practically a total failure. 

Figure 4 gives some idea of the eiBfect of seasonal conditions on 
t]^ vigor of the plants in the different plots of StowelPs Evergreen. 
The data are based upon the averages of numerous measurements 
made upon the mature stalks in the different plots, with the excep- 
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tion of the last two in which a killing frost prevented the develop¬ 
ment of the plants to full vegetative maturity. 

Attention is called particularly to the height of the corn and the 
position of the ears in plots 4, 5, and 6 as indicated in the chart. 
The corn in these plots passed a considerable portion of their actively 
vegetative periods during the season of drought recorded as between 
the middle of July and the 12th of August. 

It is seen from this and the preceding figures that the quantity and 
distribution of the rainfall, as well as the temperature conditions 
prevailing during the growing period, have a very important bearing 
on the vegetative development of the sweet-corn plant. 


YIELDS 


No attempt was made in the present study to determine the effect 
of seasonal conditions on total yields of corn from the various plots, 
the conditions under 


which the e x p e r i - 
ments were conducted 
not making it feasible 
to secure such records. 
In general, the vege¬ 
tative condition of a 
field of corn is a fairly 
good index of yields, 
and reference to Fig¬ 
ure 4 will give some 
notion of relative 
yields from the differ¬ 
ent plots in the pres¬ 
ent case. It should 
be borne in mind, 
however, that in point 
of time the develop¬ 
ment of the ear lags 
somewhat behind the 



jkPtuL ft<rn*y tvar /uey june utuur june uuly july- ji/ly au6. avg. 

se s to g3 - 3 / r tr Er a te zs r to 

T/n£ or. PLANTING 


Fig. 4.—Effect of seasonal conditions on the vegetative develop¬ 
ment of the different plots of Stowell’s Evergreen sweet corn. 
The heavy black portions of the individual graphs give the dis¬ 
tance from the ground to the base of the ear, and the crosshatched 
portion the distance from the ear node to the base of the tassel 


vertical growth of the corn plant, and factors affecting the physi¬ 
cal condition of the corn plant would be reflected in the ear at a 
slightly later time than in the stalk. Field observations showed 
that the yield from the third plot was relatively less than the graph 
for that planting would indicate and somewhat more than would 
be inferred from the graph for the sixth plot. 

As in previous studies (5), records were kept of the rate of develop¬ 
ment of the ears and the proportion of husk, cob, and cut com in the 
ears at different stages of maturity. The data secured are presented 
in Table 1. Too close analysis of the figures in this table should not 
be made, as the number of ears available for individual tests were too 
few for accurate determination of averages. Irregularities in the 
series of figures indicating the progress of development of the different 
elements of the ear are occasionally observed in the table, which are 
due in part to this element of error and in part to the effect of drought 
on some of the corn, which affected the percentage yields. The full 
effect of drought, however, is not shown, since abnormal ears, as 
far as possible, were excluded from the tests. 
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The results obtained in the first seTen plantings show fairly close,, 
agreement, no outstanding variations appearing in the corn from 
these plots. The first significant differences are observed in the corn 
of the eighth planting of StowelPs Evergreen and the ninth planting 
of Golden Bantam. Here there is noted a distinct falling off in the 
yield in the corn 20 days and over in age, caused by the slower rate 
at which maturity progressed, and the differences are even more 
marked in the corn of the later plantings. For instance, in the tenth 
planting of StowelPs Evergreen the yield of cut corn from ears 50 
days old was scarcely equal to that of the earlier planting at 30 days 

of age. Comparable 
differences are noted 
in the late plantings 
of Golden Bantam. 

Reference to the fig¬ 
ure giving the meteor¬ 
ological data will show 
that this falling off in 
yield is closely corre¬ 
lated with the tem¬ 
perature conditions 
prevailing during the 
growing season of 
these late plantings. 

TENDERNESS 

The quality of 
canned sweet corn is 
more closely associat¬ 
ed with tenderness of 
the kernels than with 
any other property 
of the raw corn, and 
it is of interest, 
therefore, to observe 
the effect of seasonal 
conditions on the degree of toughness which the kernels possess. 

By the use of the puncturing instrument described by the writers 
in an earlier paper (5), toughness tests were made on the corn from 
all the test plots at different stages of maturity, and the results of 
these tests are assembled in Figure 5. The ordinates show the 
amount of pressure, expressed in grams, required to puncture the 
kernels with a blunt-pointed needle constructed from No. 16 gauge 
brass wire, and the abscissas show the age of the corn in days when 
the tests were made. ^ Because of the close agreement of results with 
the corn of the first eight plantings of Golden Bantam, the data for 
these are combined in a single curve. The results from the first seven 
plantings of StowelFs Evergreen, for the same reason, are similarly 
exprmed. 

It is noted that those curves showing the average results from the 
first plantings of both Golden Bantam and StowelPs Evergreefi rise 
very rapidly, closely approximating straight lines, and that the curve 



Fig. 5.—Degree of toughness of Golden Bantam and Stowell’s Ever¬ 
green sweet corn at different stages of maturity, as shown by punc* 
tnre tests made on samples from the different plots. Curve A, 
average of the first eight plantings; B, average of the ninth, tenth, 
and eleventh plantings; 0, average of the first seven plantings; D, 
results from corn of the ninth planting; E, results from corn of the 
tenth planting 
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for StowelPs Evergreen is somewhat steeper than that for Golden 
Bantam. The degree of toughness reached is also considerably 
higher. Of particular interest, however, are the curves illustrating 
the findings on the corn of the later plantings. Here it is seen that 
the toughening process was considerably retarded, and that with 
succeeding late plantings, as shown in the curves for StowelPs 
Evergreen, the retardation became greatly marked. 

In the earlier studies it was foimd that, taking into consideration 
the excessive toughness of over-mature corn, on the one hand, and 
too thin consistency due to immaturity, on the other, corn grading in 
resistance to puncture between the limits of 250 and 325 gm., as 
measured by this method, yielded a product of the highest quality. 

In these tests Golden Bantam did not exceed the upper limit for * 
toughness in any of the plots xmder 30 days of age. On the other 
hand, the first seven plantings of Stowell’s Evergreen passed through 
the prime canning stage, as judged by the toughness factor, at 19 to 
25 days, the ninth plot at 27 to 39 days, and the tenth plot at 38 to 
47 days of age. 

While it is true that different varieties of sweet corn, and even 
different strains within the same variety, normally show unequal 
degrees of toughness at comparable stages of maturity, it is seen that 
seasonal factors also very definitely affect the tenderness of the 
kernels. In the present case the widest differences are noted betw^een 
those plots of corn maturing during the hottest part of the season, on 
the one hand, and those maturing during the cooler weather of the 
late fall, on the other; and it would appear from this that temperature 
- is the most important factor concerned with this phenomenon. 

CHEMICAL STUDIES 

The development of the corn kernel has its morphological, physio¬ 
logical, and chemical aspects. These are interrelated and each has 
an important bearing on the quality of the canned product. The 
conLplete chemical story is infinitely complex, owing to the working 
out of manifold vital processes, and only the gross chemical changes 
can be followed in the development of the kernel to maturity. How¬ 
ever, the accumulation and transformations of the carbohydrates are. 
so great that they are easily followed. Their significance as nutritive 
materials and the r61e which they play in determining quality in the 
canned product are of such importance that it seemed wise to under¬ 
take a rather thorough study of them in the present work. 

As already stated, samples were taken for chemical analysis at 5, 
10, 15, 20, 25, and 30 days from the date of silking from each of the 
plantings. The methods of analysis were practically the same as 
those used by the writers in their previous study {S). 

MOISTURE 

In the above-mentioned publication it was shown that for any 
variety the degree of maturity was rather closely correlated with the 
moisture content, the lower the moisture content the more mature the 
corn. Erom the present work it is apparent that this also holds true, 
regardless of the time when the plantings are made. In Table 2 are 
given the figures for total solids found in Golden Bantam and Sto- 
welFs Evergreen corns from each of the experimental plots, sampled 
at different stages of maturity. 
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Table 2. —Percentage of total solids in Golden Bantam and StoweWs Evergreen 
sweet corn at different stages of maturity^ from plantings made at intervals through¬ 
out the season 

GOLDEN BANTAM 


Planting 


Age of ears 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

in days 

i , 

1 Apr. 

May 5 

May 

May 

May 

June 7 

June 

Juno 

July 9 

July 18 

July 28 


' 28 


10 

23 

31 


17 

27 


5. 

1 10.62 

13.11 

12.02 

11.83 

12.56 

13.41 

9.93 

10.51 

10.36 

10.54 

9.56 

30. 

' 12.56 

13.18 

13.96 

13.76 

11.67 

13.56 

11.21 

10.21 

10.01 

9.99 

10.01 

15. 

; 20.67 

19.99 

19.78 

22.28 

22.51 

19,81 

18,64 

18.59 

12.59 

10.68 

10.77 

20. 

I 30.18 

33.87 

31.95 

32.19 

29.60 

28.12 

29.09 

26.50 

15.05 

13.21 

12.60 

25. 

1 37.31 


36.70 

35.53 

35.02 

33.35 

31.50 

28.10 

18.58 

16.61 

15.98 

30. 

- 41.58 

41.97 

42.83 

40.21 

39.21 

41.22 

33.63 

30.92 

27.38 

19.79 

i 18,97 

35.. 









31.09 

21.43 

27.56 

23.21 
26.46 
32.06 

40.... 








50. 









60.1. 










34 95 

- _ 


_ 

__ 


_ 

_ _ 

__ 




STOWELL’S EVERGREEN 


0. 

10. 

15. 

20__ 

25. 

30. 

35. 

11.60 

11.28 

16.02 

21.43 

26.04 

31.36 

10.64 

11.72 

17.97 

20.76 

27.23 

33.95 

11.72 
11.43 
18.30 
21.03 
26.88 
35.22 

13.74 

12.78 

17.87 

24.39 

27.37 

35.32 

12.58 

12.54 

16.47 

20.62 

27.24 

32.33 

11.40 

12.60 

1402 

22.01 

25.68 

27.35 

10.69 
11.56 
1427 
20.35 
25.08 
28.39 

9.45 
11.04 
13.56 
17.36 
19.83 
24 33 
29.16 

10.86 
10.23 
10.11 
11.70 
15.41 
20.50 
23.99 
26.27 

8.75 
9.12 
9.38 
10.89 
12.00 
15.26 
18.69 
21.87 
25.92 
28.62 


40. 







50.1 









♦'•O.i 



i 





!. 



It is seen that the moisture content steadily decreased during the 
development and maturing of the kernel In the 5 and 10 day 
samples it did not vary greatly in any of the plantings, the total 
moisture amounting to 86 to 90 per cent. The moisture in the corn 
at the 15~day stage did not vary much for the first eight plantings, 
but the ninth, tenth, and eleventh plantings showed a marked in¬ 
crease resulting from the decreased rate of maturing. At the 20-day 
stage the first seven plantings showed only small variations, but 
the eighth increased considerably, and the ninth, tenth, and eleventh 
showed a progressive increase. At the 25 and 30 day stages the 
variation was not great in the first six plantings, but a progressive 
increase was shown in the com of all the later plantings. These 
best shown in Figure 6, which illustrates by curves the 
dinerences in the total solids of the kernels of the different plantings 
at various stages in their development. 

By correlating the data on moisture in the corn with the weather 
records shown in Figure 1, it becoines apparent that the primary 
factor affecting the moisture changes in the developing ears was tem¬ 
perature,^ for all samples taken on or after September 10 showed an 
mcrease in the moisture content. The sudden change early in Sep¬ 
tember from summer to late autumn temperatures, which has already 
been mentioned, caused a rather abrupt slowing down in the rate at 
which the corn matured, and the moisture content of the kernels at 
dinerent st^es of development was higher than that of corn of like 
age sampled previously. A sudden change in temperature produces 
a very noticeable effect in a few days. 

It is noted that throughout the entire series of tests Stowells 
^yergreen had a higher moisture content than Golden Bantam, 
being especiaUy marked after the 15-day stage. A high moisture 
content seems to be a specific characteristic of S to wells Evergreen, 
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and appears to be correlated with its somewhat slower rate of matur¬ 
ing as observed in the field. However, the writers have been led to 
doubt whether the difference in the moisture content of different 
varieties is a true measure of the differences in the rate of maturity. 

^ The moisture content of sweet corn very greatly affects the con¬ 
sistency of the canned product. At the 15-day stage the corn is 
entirely too watery to make a satisfactory product, while at the 
30-day stage it is entirely too dry. The difference in the moisture 
content of StowelPs Evergreen and Golden Bantam results in a 
difference in the consistency of the canned material from the two 
varieties. The 20-day Golden Bantam is of very nearly the same 
consistency as the 25-day Stowell’s Evergreen, and from the table 



Fig. 6. —Total solids in tbe cut corn from ears of Golden Bantam and StowelPs Evergreen sweet corn 
harvested from the different plots at different stages of maturity 

given above it is observed that the moisture content is very nearly 
the same in the two cases. 

SXJGABS 

During the development and maturing of the sweet-corn kernel 
the sugar content is constantly changing. The percentage present 
is determined by its concentration in the cell sap and the relative- 
proportion of cell sap to accompanying insoluble constituents. Some 
of the young samples have a rather high sugar content caused in 
part by the absence of other substances, such as starch and dextrin. 
The ratio of the solids to sugar is therefore important, and since the 
polysaccharides increase tremendously in the older corn the lower 
percentage of sugar in these is due in part to an increase in poly¬ 
saccharides rather than to a change in concentration. The per¬ 
centage of sugars foxmd in the corn at different stages of growth in 
the various plantings is shown in Table 3. 
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The changes that took place during the development and maturing 
of the kernels were nearly the same for all plantings in spite of rather 
wide variations in climatic conditions. However, the rate at which 
the changes occurred was tremendously affected by the prevailing 
temperature. The history of the total sugars began with a medium 
percentage of sugar, which increased for a time and then decreased 
as complete maturity approached. The reducing sugars were high 
in the early stages of development and steadily decreased as maturity 
advanced. The sucrose was low at first, increased rapidly for a time, 
and then decreased steadily as the corn matured. These changes are 
shown in detail in Figures 7 to 10. 

The quantity of sugars present was rather uniform for the first 
seven plantings, always being highest in the corn at the 15-day stage. 



In the later plantings the highest point was reached at an age greater 
than in the first plantings, with the temperature as the principal 
factor affecting the variation. There was no very great change in 
the ratio of the sugars to each other. 

A small but significant difference was apparent in the ratio of total 
sugars to the total polysaccharides between the early plantings and 
those made very late, there being a greater proportion of sugar as 
compared with polysaccharides in the late plantings that matured 
in the very cool part of the season. Where methods of handling are 
the same, this greater proportion of sugar in the corn maturing in the 
cool season should result in a superior canned product. Such an 
effect was observed in the corn canned from the late plantings in the 
present experiments, though the improvement in quality was not 
great. It should be remembered that the greatest effect of cool 
weather on corn is to slow down the rate at which maturity proceeds* 

24880—20-5 
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AG£ OF CORN IN DAYS 

s. 8.~Sugar content of tbe cut corn from ears of the ninth, tenth, and eleventh plantings of 
•Golden Bantam sweet corn sampled at different stages of maturity 



AGE OF CORN !N DAYS 


B'ig. V,—Sugar content of the cut corn from ears of the first seven plantings of Stowell's Evergreen 
sweet corn sampled at different stages of maturity 
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The rate of change in sugar content is very different from the rate 
of change in the tenderness of the corn, the two processes being, 
apparently, very Ipgely independent of each other. The toughness 
increases very rapidly as the corn gets older, but the sugar content 
changes less rapidly. 

The figures show that Golden Bantam has a slightly higher sugar 
content at comparable stages of maturit}^ than Stowelhs Evergreen. 

POLYSACCHARIDES 

The polysaccharides in sweet corn seem to be a complex mixture 
of substances which are chemically or physically different. Approxi¬ 
mately one-half of the total amount present in the corn at canning 
maturity is made up of a water-insoluble portion, which qualitative 



chemical tests and microscopic examination indicate is composed 
principally of starch. The other, or water-soluble fraction, usually 
shows the presence of two substances, one giving a red color reaction 
with iodine solution, and the other a blue. The nature and proportion 
of these various substances making up the total polysaccharides have 
been given particular attention by Lampe and Meyers (7). 

From the standpoint of both the canner of sweet corn and the 
consumer of the canned product the polysaccharides are of great 
importance, for they are the primaiy constituents of the corn which 
affect the consistency of the canned material and comprise the major 
portion of the nutritive substances. Starch gives to corn a viscous, 
heavy consistency, while the water-soluble polysaccharides make the 
canned product more creamy and palatable. 
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In Table 4 are given the figures for total polysaccharides, calculated 
as starch, obtained by analysis of the com from the different plantings 
harvested at different stages of maturity. 

Table 4. —Percentage of total polysaccharides, calculated as starch, in Golden 
Bantam and Stonell’s Evergreen sweet corn at different stages of maturity, from 
plantings made at intervals throughout the season 

GOLDEN BANTAM 


Planting 


Age of ears ! 
in daj's 1 

I 

Apr. 

28 

2 

May 5 

o 

May 

10 

4 

May 

23 

5 

May 

31 

6 

June 7 

7 

June 

17 

8 

June 

27 

9 

July 9 

10 

July 18 

11 

July 28 

5--. 1 

1.68 

1.84 

2.02 

2.12 

2.22 

2.42 

1. 70 

1.90 

1.87 

1.68 

1.65 

10. 

1.88 

1.97 

2.11 

2.13 

1.86 

2.40 

1.82 

1.68 

1.66 

1.62 

1.76 

15. i 

7.97 

8.41 

; 8.36 1 

1 9.73 

8.12 

7.98 

7.37 

7.30 

2.10 

1.26 

1.79 

20.: 

17. 79 

19.80 

’ 19.96 i 

! 19.59 

16.98 

16.61 

17.16 

34.54 

4.32 

2.48 

2.26 

25.1 

26.19 


, 24.81 i 

1 24.62 

23.80 

22.17 

20.51 

17.59 

8.07 

5.33 

4.59 

30.' 

30.58 

29.31 

: 30.48 

28.33 

27.47 

29.60 

22.26 

20.36 

16.74 

8.48 

8.14 

1 



1 

1 





19.86 

11.76 

11.42 

4<J - i 








17.42 

15.92 

.50 ' 









20.37 

60 - . 

.:.i. 







24.77 


1 ! 









STOWELL’S EVERGREEN 


5. 

10. 

15. 

20. 

25. 

30. 

35. 

1.68 

LOO 

5.54 

12.26 

16.96 

21.97 

2.08 

1.68 

6.77 

10.98 

17.43 

23.70 

1.60 

1.75 

6.86 

10.94 

17.25 

24.90 

2.32 

I. 96 
6.93 

II. 86 
17.73 
24,40 

2.02 
1.97 
6.31 
11.07 
16.63 
20.40 

1.78 
2.30 
4.16 
11.94 
15.48 
la 14 

1.79 
1.71 
4.22 
10.11 
15.40 

1 18.72 : 

1.50 

1.65 
3.98 
7.24 
10.35 
14.90 
19.32 

1.43 
1. 63 
1.42 
3.12 
4.83 
9.73 
13.72 
16.20 

1.46 
1.49 
1.43 
1.61 

2.25 
4.93 
8. 69 
13.24 
16.62 
19.94 


40. 



1. 





50. 









60. 











1 


1_J 



.1. 





It is seen that during the development and maturing of the sweet 
corn kernel the polysaccharide content increased steadily. The quan¬ 
tity present in corn of the same age in the first seven plantings did 
not vary greatly, but the rate at which it accumulated in the corn of 
later plantings fell off rapidly as the season advanced. A. change in 
the moisture-polysaccharide ratio was therefore observed. 

As noted in the case of the total solids, there was found a somewhat 
greater proportion of sugar to total polysaccharides in the corn of the 
late plantings than in that of the earlier plantings. 

The story of the polysaccharide changes as observed in the present 
experiments is illustrated in the curves of Figure 11. 

DEXTRIN 

The water-soluble polysaccharide giving a red color reaction with 
iodine solution appears to be a dextrin, or a closely related substance, 
and since it comprises the major portion of the water-soluble fraction, 
the figures for total water-soluble polysaccharides given in Table 5 
are calculated as dextrin, although there was more or less material 
present giving a blue coloration with iodine. 
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Fiq. 11.—Total polysaceharicie content of the eat corn from ears harvested from the different plots 
of Golden Bantam and Stowell’s Evergreen sweet corn at different stages of maturity 

Table 5. —Percentage of water-soluble 'polysaccharides^ calculated as dextrin^ in 
Golden Bantam and Stoweirs Evergreen sweet corn at different stages of maturity^ 
from plantings made at intervals throughout the season 

GOLDEN BANTAM 


Planting 


Age of earsS 
in days 

1 

2 

3 

4 

5 

6 1 

7 

8 

9 

10 

11 


Apr. 

28 

May 5 

May 

10 

May 

23 

May 

31 

June 7 

June 

17 

June 

27 

July 9 

July 18 

July 28 

5_-. 

0.06 

0.04 

0.03 

0.06 

0.08 

0.13 ; 

0.08 

0.07 

0.05 

0.08 

0.05 

10__ 

. 15 

.09 

.20 

.08 

.13 

.40 : 

.05 

.06 

.04 

.08 

. 10 

15-. 

3,32 

3.46 

3.48 

3.05 

i 3.80 

3.32 1 

3.06 

3.04 

1 1.21 

.16 

.08 

20. 

8.68 

9.66 

9.55 

9.54 

' 8.28 

8.08 i 

8.36 

7.09 

1.80 

.98 

.75 

25. 

12.93 

12.28 

11.51 

: 12.34 

10.96 i 

10.13 

8,28 

.4.48 

2.92 

1.89 

30. 

15.83 

14.48 

14.33 1 

14. 66 

. 14.08 

13.92 { 

11.73 

10.06 

8.16 1 

4.51 

3.01 

3.5 



1 



9.98 

6,45 

5.57 

40 




_._j_ 




8.68 

7.49 

.50 








10.07 

60. 





.;.i. 



11.60 


STOWELL’S EVERGREEN 


5. 

10. 

15. 

20--. 

25-. 

30-. 

,3.5 

0.04 

.04 

2.31 

5,98 

8.37 

11.24 

0.05 

.04 

2.82 

5.36 

8.61 

12.11 

0.04 

.05 

2.85 

5.34 

8.64 

12.01 

0.05 

.05 

2,88 

5.76 

&72 

12.62 

0.03 

.05 

2.63 

5.40 

8.01 

1 10.11 

0.04 

.10 

1.73 

4.27 

7.28 
a54 

0.04 

.07 

1.75 

4.93 

7.61 

9.68 

0.02 

.10 

1.65 

3.09 

5.05 

7.36 

9.09 

0.03 
.11 
.10 
1.15 
2.05 
3.95 
6.45 
8.07 

0.03 
.03 
.04 
.10 
.43 
1.05 
3.92 i 
6.46 
8.16 
10.32 


40 









.50 



! . "'i 






fiO 











1 





_ 

_ 
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By comparing the figures of this table with those for total poly¬ 
saccharides in Table 4 it is seen that in the early stages of develop¬ 
ment the proportion of the water-soluble fraction was much less than 
in the older corn. No significant effect of seasonal factors on the 
ratio of water-soluble to total polysaccharides, however, was found. 

Curves showing the history of the water-soluble polysaccharides 
in these experiments are given in Figure 12. 

CANNING TESTS 

From the practical standpoint, the quality of the corn in the can 
is the most important consideration in studies of this sort. As before 
stated, canning tests were made upon the corn of each plot at the 
ages of 15, 20, 25, and 30 days. After husking, trimnaing, and wash¬ 
ing, the corn was cut from the ears by hand machine, the knives 



being arranged so as to remove the outer one-half to two-thirds of 
the kernel, and the remainder of the kernel contents was scraped 
from the cob by the mechanical scrapers of the machine. The cut 
corn was then weighed and enough brine (containing 2 per cent salt 
and 634 P^J* cent sugar) added to it to give the ratio of cut corn to 
brine, by weight, of 4 to 1. 

The corn was then pi’ecooked in a steam-jacked cooker provided 
with a mechanical stirring device, and the cooking continued, with 
constant stirring, until the temperature reached 85° to 90° C. It 
was filled into the cans immediately, the cans were sealed, and the 
processing performed promptly. The procedure was the same for 
each lot of corn. 

following a uniform procedure in the canning tests it was pos¬ 
sible to observe any variations in quality in the canned product due 
strictly to_^seasonal factors. 
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In judging the quality of the cut-out com, attention was given 
particularly to tenderness, consistency, flavor, and sweetness. The 
results obtained follow. 

GOLDEN BANTAM 

In the first seven plantings the corn showed no significant differ¬ 
ences at the various stages. Prime canning condition was found to 
center around the 20-day stage, the 15-day corn being too immature 
and the 25-day corn too far advanced for best quality. The 25-day 
corn of the seventh planting, however, was not quite so mature as 
that from those immediately preceding. The corn from the eighth 
plot was almost prime at the 25-day stage, though a very good 
product was obtained from the 20-day corn. There was observed 
here a slightly lengthened period during which first-quality canned 
corn could be produced. In the product from the ninth planting 
the corn was found to be too immature at 25 days of age and about 
prime at the 30-day stage. The corn from the tenth planting was 
slightly too immature at the 30-day stage, being in about the same 
condition at this age as the corn of the first plot at the 15-day stage 
of maturity. 

STOWELL’S EVERGREEN 

In the case of this variety the corn of the first four plantings showed 
no significant differences in the quality of the products from corn of 
like age. The 15-day corn was tender and sweet, but the product 
was w^atery and the corn too immature to make possible the packing 
of a product of first quality. At the 20-day stage the corn was 
slightly under prime, from the standpoint of consistency, but was 
sweet and tender. At 25 days the kernels had toughened perceptibly 
and the natural sweetness had largely disappeared, but the consis¬ 
tency was good. The corn 30 days old was tough and starchy, being 
well past the canning stage. 

Prime canning maturity in the com from the first four plantings, 
therefore, was found to be close to but slightly beyond the 20-day 
stage. 

In the corn from the fifth planting a slight slowing down in the rate 
of development was noted. At the 20-day stage the product was 
tender and sweet but somewhat lacking in body, while the 25-day 
corn was nearly prime. At the 30-day stage the corn yielded a 
product of fan* consistency, but the kernels were tough. In the case 
of the sixth planting the findings were similar to those just described 
for the fifth, the corn being in prime canning condition at about the 
25-day stage. 

The cut-out material from the seventh planting showed a slight 
further slowing down in the rate of maturing, in this case the 25-day 
corn being at the lower limit of maturity for prime consistency. 
At 30 days of age the corn was sweeter than that at the 25-day stage 
of the first four plantings, and though a little tough, was satisfactory 
from the standpoint of consistency. In the material from the 
eighth plot the corn at the 30-day stage was sweet and of about 
the same consistency as that of the first four plantings at 20 days. 
The corn of the ninth planting was even less mature at comparable 
stages, that 30 days old yielding a product that was too watery and 
immature for first quality. 
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The corn of the tenth planting was utilized in the study of frost 
injury, the findings of which will be discussed presently. 

It will be seen from these observations, therefore, that the period 
during which the ear of corn develops has a very great deal to do with 
the rate at which maturity progresses and, accordingly, with the 
quality of the canned product. The correlation of these findings 
with the data of related studies and with the seasonal factors them¬ 
selves will be undertaken in the general discussion which follows the 
presentation of experimental results. 

FROST INJURY 

It is commonly considered by sweet-corn canners that if corn 
becomes '‘frost bitten’' it is seriously injured for canning purposes, 
and a light frost is thought to cause considerable deterioration in the 
quality of the corn. So far as the writers have been able to learn, 
almost no 'work has been published on the effect of frost injury upon 
the quality of canned corn. Bushey (9) and Spitzer and his asso¬ 
ciates {id) have made studies upon the composition of soft corn 
(field corn), but their results are hardly comparable with those given 
here, as most of their analyses compai*e thoroughly ripened corn with 
corn more or less immature. A higher moisture contpt and larger 
quantities of amide nitrogen were generally found. Kiesselbach and 
Ratcliff {6) have shown that freezing the immature corn injures it for 
seed purposes,* and it is also injured if there is a high moisture content. 

The plantings in the present experiments furnished inaterial ad¬ 
mirably suited to a study of the effect of frost.^ By going through 
the last plantings of each variety one could obtain samples at almost 
any stage of maturity. 

On the night of October 21a light frost occurred which resulted in 
the killing of approximately two-thirds of the leaf area of most of 
the leaves. The bases of the blades and the stalks and ears were not 
injured materially. Canning tests were made on the afternoon of 
the twenty-first on corn from ears of StowelPs Evei'green 30 days and 
also 35 days old, and likewise from ears of Golden Bantam 30 days 
old. The tests were repeated two days later. Chemical samples 
were also taken. In an examination of the cut-out material no differ¬ 
ence whatever could be found in the corn canned before as compared 
with that canned after the frost, unless perhaps a slight difference 
in consistency, which was to be expected of corn two days older. 
The results of the chemical analyses shown in Table 6 indicate very 
little alteration in the chemical composition, and nothing that could be 
attributed to frost injury. The normal ripening processes continued, 
but at a much slower rate because of the lower prevailing temperature. 

Table ^.—Percentage composition of StowelVs Evergreen and Golden Bantam sweet 
corn before and after frost 


Variety 

Date of 
sampling 

! 

Total i 
solids 

Total 
polysac¬ 
charides 
as starch 

Water 
; soluble 
polysac¬ 
charides 
as dextrin 

Sugars, as invert 

Total 

1 

Reducing 

1 Non- 
reducing 

StoweirsEvergreen, 30 days old, 

Stowell's Evergreen, 35 days old. 

Golden Bantam,30 days old.... 

/Oct, 21 
\Oct. 23 
/Oct. 21 
lOct. 23 
/Oct. 21 
lOct. 23 

16.84 

17.03 

22.14 

23.27 

16.16 

16.42 

6.66 

7.29 

12.07 

13.29 

5.83 

5,88 

2.94 
3.11 
5.68 
6.25 
2.10 
2,15 

6.11 

5.98 
5.02 
4.92 

6.98 , 
6.82 

1.75 1 
1.57 1 
1.57 
1-29 
2.30 1 
2.43 

4. 36 
4.41 
3.45 
3.63 
4.68 
4. 39 
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During the period following the frost of October 21 up to the 16th 
of November the corn continued to mature, though at- a very slow 
rate, which affected the canned samples correspondingly. 

On the night of November 16 a heavy freeze occurred in which the 
stalks and ears were completely frozen. Canning samples were taken 
early in the morning after the freeze and again five days later. Corn 
of two stages of maturity was used, one lot from ears 50 days old and 
the other from ears 60 days old, these being not far removed either 
way from prime canning maturity. 

The quality of the corn in the cut-out samples showed much less 
difference in the quality of the product than was expected. The corn 
canned on the morning after the freeze was normal in appearance • 
and flavor. That canned five days later showed a little browning, 
which vras apparently caused by the oxidation of tannins in the cob 
particles removed with the corn in cutting, and the appearance of 
the product was, therefore, not quite so attractive. There was a 
slight ^'cobby flavor to the corn, but this was not very marked, and 
had one not known the history of the corn it probably would have 
been consumed without much hesitation. 

Chemical samples were taken on the morning after the freeze and 
at intervals thereafter. Table 7 shows the results of the anal^^ses. 

Table 7. —Percentage composition of BtoweWs Evergreen and Golden Bantam 
sweet corn sampled immediately and at intervals after complete freezing 





Total i 
poly- . 
saccha- > 
rides, as i 
starch j 

Water 1 
soluble 1 

Sugars, as invert 

Variety 

Date of 
sampling 

Total 

solids 

poly- 1 
saccha¬ 
rides, as 
dextrin 

Total 

1 

Reduc¬ 

ing 

Nonre- 

ducing 


fNov. 17 

1 

22.62 

1 

12.68 1 

5.98 

4.90 

1.26 

3.64 


Nov. 22 

23.53 

13.67 1 

7.07 

4.56 

1.51 

3.05 

StoweU’s Evergi’een, 50days old. 

iNov. 27 

24.35 

ia69 i 

7.08 

5.12 i 

2.26 

1 2.86 

Dee, 2 ‘ 

22.32 

12.81 ' 

6.68 

4.97 

2.54 

2.43 


.Dec. 7 

22.96 

12.52 ' 

6.51 

443 

2.90 

1. 53 


fNov. 17 

30.03 

19.94 , 

10.32 

3.42 

1.22 

2.20 

Stoweirs Evergi-een, GOdays okL 

Nov. 22 
‘ Dee. 2 

29.06 

28.62 

1&29 ! 
17.76 ; 

9.24 

9.19 

3.33 

3.64 

1.58 

2.01 

1. 75 
1.63 


Dec. 7 

29. 55 

19.58 i 

9.62 

3.98 

2.32 

1.66 


Nov. 17 

30.33 

ia64 ! 

9.21 

3.90 

2.27 

1.63 

Goldcn Bantam, 50 days old..,. 

• Nov. 27 

31.54 

19.60 

9.66 

3.69 

3.09 

.60 

Dec. 2 

31.28 

19.08 1 

9.02 

3.04 

2.50 

.54 


Nov. 17 

34.95 

23.92 : 

11.26 

3.58 

.98 

2.60 

Golden Bantam, 60 days old.... 

• Nov. 27 

35.29 

24.77 1 

11. 60 

2.88 

1.64 

1,24 

.Dee, 2 

35.75 

23.52 1 

11.16 

3.73 

2.28 

1.45 


The results were somewhat irregular because of errors in sampling. 
The moisture content did not change very materially during the 
entire time, though there were indications of a slight decrease. The 
total polysaccharides behaved in about the same way, increasing 
when the moisture decreased, and vice versa. There appeared to 
be a very marked tendency for the reducing sugars to increase and 
the sucrose to decrease. It is not certain, however, that all the 
increase in reducing sugars arose from the inversion of sucrose. 

The climatic conditions subsequent to the freeze were not such 
as to cause much drying or rapid fermentation of the corn. After 
five days the cob and chaffy material at the base of the grains began 
to turn brown, and soon afterwards the grain itself became somewhat 
discolored. This rendered it unfit for canning. 
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The rate at which deterioration will occur after the corn is frozen 
depends upon climatic conditions. If it is very warm, completely 
frozen material will discolor more rapidly and fermentation may 
take place. Practically no fermentation occurred in the corn in 
these tests. Between 10 and 15 days after the freeze an occasional 
ear was found which was invaded by molds. After 15 days the 
number increased rapidly, and in time practically all the remaining 
ears were spoiled in this way. 

GENERAL DISCUSSION 

To assist in the correlation of seasonal conditions with the vari¬ 
ations observed in the field plots and in the corn derived therefrom 
Table 8 has been prepared. This table indicates in dates and days 
the progress of growth and maturity of the corn from the different 
plots. The times specified under “Date of silking” were the mid- 
silking dates, or those days on which the peak of silking occurred, 
as determined by the daily tagging records, and in the column show¬ 
ing the time at which the corn came to canning maturity correspond¬ 
ing dates are given. The exact dates, in this latter case, were de¬ 
rived by adding to the date of silking the number of days requu’ed 
thereafter for the com to arrive at canning maturity, as shown in 
the last column of the table. The data of this last column were 
secured by a study of two factors, namely, the quality of the cut¬ 
out com from.the practical canning tests and the moisture content 
of the raw com as determined by chemical analysis, which were in 
close agreement. 

Table 8. —Effect of seasonal conditions on the development and maturing of 
Golden Bantam, and Stowell’s Evergreen sweet corn at Arlington Experiment 
Farm during the season of 19S4 

GOLDEN BANT.\M 


Number of planting 

Date of 
planting 

Date of 
silking 

Days 

from 

planting 

to 

silking 

Date of 
canning 
' maturity 

Days 

from 

planting 

to 

canning 

maturity 

Days 

from 

silking 

to 

canning 

maturity 

1. 

Apr. 28 

July 16 

79 

Aug. 5 

99 

20 

2.... 

May 5 

July 21 

77 

Aug. 10 

97 

20 

3. 

May 10 

--do. — 

72 

_..do. 

92 

20 

4... 

May 23 

July 23 

61 

Aug.' 12 

81 

20 

5.... 

May 31 

July 30 

60 

Aug. 19 

80 

20 

6...-... 

June 7 

Aug. 3 

57 

Aug. 23 

77 

20 

7.... 

June 17 

Aug. 11 

55 

Aug. 31 

75 

20 

8... 

June 27 

Aug. 21 

55 

Sept. 13 

78 

23 

9... 

July 9 

Sept. 2 

55 

Oct. 2 

85 

30 

10.—-... 

July 18 

Sept. 14 

58 

Oct. 24« 

98 

40 

11..... 

July 28 

Sept. 24 1 

58 




12. 

Aug. 9 

Oct. 13 

65 











STOWELL’S EVEEGEEEN 


. Apr. 28 

; July 29 

92 

Aug. 21 

115 

23 

. May 5 

July 31 

87 

Aug. 23 

110 

23 

. May 10 

Aug. 3 

85 

Aug. 26 

108 

23 

, May 23 

Aug. 4 

73 

Aug. 27 

96 

23 

. May 31 

Aug. 11 

72 

Sept. 3 

95 

23 

- June 7 

Aug. 14 i 

68 

Sept. 8 

93 

25 

- June 17 

Aug. 19 ' 

63 

Sept. 13 

88 

25 

- June 27 

Aug. 29 

63 

Sept. 29 

94 

31 

- July 9 

Sept. 15 

68 

Oct. 24« 

107 

39 

_ July 18 

Sept. 25 
Oct. 16 

69 




- July 28 

80 









« This WM the date on ^which the peak in canning maturity would have been reached had not the frost 
Si 'Ih*® Oh which this statement is based were obtained from ears 

tagged before the peak of silkmg was reached, which were sampled before Oot. 21. 
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Considering first the data concerned with Golden Bantam, it will 
be noted that the length of time required for the plantings to come 
to the peak of silldng ranged from 79 to 55 days, an extreme variation 
of 24 days. The most rapid development was recorded in plots 7, 
8, and 9, which were planted on June 17 and 27 and July 9, re¬ 
spectively. In the tenth planting there was a distinct lengthening 
of the growing period. 

In the figures for the days required for the corn to reach canning 
maturity it is seen that the time ranged from 99 days in the first 
planting to 75 days in the seventh, beyond which the tune increased 
rapidly to 98 days in the tenth. 

With respect to the length of-the period between silking and can¬ 
ning maturity no difference was found in any of the plots planted up 
to June 17, the period in all being 20 days. In the eighth planting 
a little lengthening of the period was noted, and in the ninth the time 
was increased to 30 days. Forty .days were required for the corn of 
the tenth plot to arrive at canning maturity after silking. 

In the data for StowelPs Evergi'een similar conditions are ob¬ 
served. Here the length of the period from planting to the peak of 
silking ranged from 92 days in the first plot to 63 days in the seventh, 
an extreme variation of 29 days. The length of this period for the 
seventh and eighth plots remained stationary at 63 days, but begin¬ 
ning with the ninth a distinct lengthening was observed, which in¬ 
creased more and more up to the eleventh planting, when the length 
of the period was 80 days. 

Similar results were obtained with respect to the length of time 
from planting to midcanning maturity in the different plots. In 
the first planting this period amoimted to 115 days, decreasing in 
succeeding plantings to 88 days in the seventh and lengthening again 
in the eighth and ninth. 

The figures giving the length of the period from silking to canning 
maturity in StoweU’s Evergreen show results similar to those ob¬ 
served in Golden Bantam. Here, however, the period was 23 days 
for the first five plantings, the succeeding planting showing a pro¬ 
gressive lengthening up to 39 days in the ninth. 

It is seen, therefore, that both varieties, though very different in 
most of their characteristics, responded in an identical manner to 
certain external influences. A careful analysis of the data presented 
here shows that in all those variations where there was a distinct 
change toward a longer growth and maturing period the time at which 
the change occurred in both varieties was in the early days^ of 
September. Thus in the case of Golden Bantam the period of time 
between planting and silking began to increase at between Septem¬ 
ber 2 and September 14, the length of the period from planting to 
canning maturity began to increase between August 31 and Septem¬ 
ber 13, and the period from silking to canning maturity showed an 
increase at the same time. 

In the Stowell^s Evergreen the period from planting to silking 
began to lengthen at between August 29 and September 15 and the 
period from silking to canning maturity at between September 3 
and September 8. The period from planting to cannmg maturity 
began to lengthen at between September 13 and 29, later than at 
first would appear consistent with the foregoing figures, but not 
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inconsistent when it is realized that the growing period prior to silking 
in this ease occurred during the most favorable growing season, thus 
offsetting in the total period the lengthening of the time between 
silking and canning maturity, as indicated in the figures of the final 

column, . 1 X i* 

It would appear that the prime factor aftectmg the rate ol maturing 
in these plots of corn was that of temperature, for with the gradually 
rising seasonal temperature there was a progressive shortening of the 
growing and maturing periods and a distinct lengthening of these 
periods at the time of abrupt change from summer to late autumn 
temperatures taking place early in September. The constant length 
of the period from silking to canning maturity in the first seven 
plantings of Golden Bantam and the first five plantings of Stowelfis 
Evergreen corresponds to the interval of time from July 16 to Septem¬ 
ber 3, which, as reference to, the curves of Figure 1 will show, had an 
unusually uniform summer temperature. 

In the previous paper, to which reference has already been made, 
attention was called to the fact that variations in the time of maturing 
of different varieties was due to the length of the growing period of 
the plant—that is, from the time of planting to the time of silking 
rather than to the length of the period from silking to canning ma¬ 
turity, which was fairly uniform for all varieties. Hopper (5) has 
made the same observation. While in the present study this held 
true for the plantings made at the usual season, it did not hold for the 
later plantings, and future interpretation of experimental results 
along this line will need to take seasonal factors into consideration. 

Change in temperature is quickly reflected both in the develop¬ 
ment of the plant and in the rate at which the sugar, starch, and other 
constituents are stored in the kernels. Sudden lowering of the 
temperature while the plant is still small results in an immediate 
slowing down in the rate of growth; coming during the flowering 
season, the tasseling and silking are promptly delayed, the normal 
processes being resumed upon the retmm of favorable temperature; 
coming during the maturing period of the ear, the enzymatic activities 
are retarded and the development of the kernels is checked; all of 
which go to show that temperature conditions are intimately related 
to the vital functions of the sweet-corn plant. 

Referring again to the results of the chemical analyses, we find 
further evidence in support of this view. The relation of temperature 
to the moisture content of the corn has already been emphasized. 
In the data showing the transformations in the amount and propor¬ 
tions of the different sugars in the corn of the different plots it is found 
that the first significant variations from the figures for the corn of the 
early plantings occur in those samples taken after the pronounced 
temperature change beginning in early September had affected the 
rate of maturing ol the corn. Like effects are observed in the figures 
on polysaccharides, and confirmatory evidence is also found in the 
data on the rate of increase and degree of toughness in the corn of 
the various plots. 

One fact of practical significance which has been brought out in 
these studies on the relation of temperature to quality is that because 
of the slowing down in the rate at which maturity in sweet com pro¬ 
ceeds during the cooler season there is a longer period during which a 
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first-quality product can be canned, the coi'n remaining in canning 
condition considerably longer than in the case of that maturing 
during the hot season. This has been emphasized in the discussion 
concerning increase in toughness, but the results of chemical analyses 
point to the same fact. 

The r61e played by rainfall in the vital processes of sweet corn has 
been the subject of particular study in the present investigations, and 
its very important relation to the vegetative activities of the plant 
has already been discussed. One might expect to find also in the 
chemical transformations taking place within the developing corn 
kernels a very close relation between soil moisture and the chemical 
composition of the kernel constituents, which would be reflected 
first of all in the moisture content of the corn kernels, wdth correspond¬ 
ing variations in the other chemical constituents. Care was taken 
to check over all analyses to discover any correlation between the 
moisture content of the corn samples and the drought and rainfall 
conditions of the season. 

The drought conditions that prevailed during the last of July and 
the first 12 days of August, however, did not affect appreciably the 
moisture content of the samples taken during this period. The 
month of October was also practically rainless, but the temperatures 
were considerably lower than diming the drought of July and August, 
and the evaporation of soil moisture was correspondingly less. 
There was no decrease in the moisture content of the samples taken 
during the drought of October; on the contrary, the moisture content 
of these samples was even higher than in the corn of corresponding 
age from the earlier plantings, due, evidently, to the decrease in the 
rate of maturing because of the lower temperatures. 

From the experimental evidence presented, it is clear that soil 
moisture conditions directly affect the vegetative activities of the 
plant and are reflected particularly in the yield of corn, but while 
soil moisture does determine to a very large degree the amount of 
material which the plant is able to manufacture, it does not, apparently, 
have any appreciable eftect on the chemical composition of the kernels 
up to at least 25 days of age. 

Sunshine does not seem to be a limiting factor in the maturing of 
sweet corn. Its variations are accompanied by other varying 
factors which complicate the results, so that its effect is uncertain. 
No general or specific effect has been noted in these studies that 
could be attributed to it.^ 

Taking into consideration the variations in chemical composition 
of corn as influenced by age and by environmental conditions, 
particularly temperature, it is apparent that analytical data on 
plant products which take no account of these factors are of very 
limited value. 

In the earlier publication, to which reference has already been 
made, the wiiters showed that quality in sweet corn is determined 
primarily by the degree of maturity of the corn when canned. Any 
influence, therefore, affecting the rate at which maturity proceeds 
would have a direct relation to the quality of the canned product. 
It has been shown in the present study that the time required for the 
corn of the first seven plantings of Golden Bantam to reach canning 
maturity was the same, and no distinguishable differences in quality 
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could be detected in the product from corn of the same age. The 
same was true for the first five plantings of StowelPs Evergreen. 
In the later plantings where the rate of development was slowed down 
the corn of the same ages was correspondingly immature, so that to 
secure the highest quality in the canned product older corn had to be 
used. In addition to this, however, there was observed in the corn 
of the late plantings a higher degree of sweetness and tenderness in 
the corn of prime consistency than was observed in that from the 
earlier plantings having like consistency, indicating that the corn 
maturing during the cool autumn temperatures is somewhat superior 
in quality to that maturing during the warmer season. 

The relative merits of the canned product from Golden Bantam 
and Stowell's Evergreen corn has been the subject of considerable 
discussion among both canners and users of canned corn. The 
findings of the present study as bearing on this matter are, there¬ 
fore, of some interest. It was found that at comparable stages of 
maturity Golden Bantam was tenderer than StowelPs Evergreen, 
as determined by kernel puncture tests, and chemical analyses made 
of the corn at the different stages of maturity showed that the sugar 
content was, on an average, slightly higher in the Golden Bantam. 
It is not known that these facts would hold for all strains of these 
varieties, but they were sufficiently pronounced in the present case 
to be significant. 

Frost as a hazard in sweet-corn canning seems, from the results of 
the present study, to have been somewhat overestimated. Its 
seriousness as affecting the quality of the corn in the can is dependent, 
apparently, on the severity of the frost and the temperature condi¬ 
tions following. In the present case a light frost had no perceptible 
effect and a heavy freeze made its effect felt only after several days. 
Mere freezing of the corn does not of itself, so far as could be deter¬ 
mined from the samples canned in these experiments, have a deleteri¬ 
ous effect on the quality of the cut-out corn. 

The sweet-corn grower who desires to use the stover as green feed or 
for silage is usually anxious that the corn be harvested before it is 
frosted. There is, of course, a certain amount of loss in succulence of 
the corn, and it probably is somewhat less palatable to stock, but 
there is, apparently, no loss in food value as a result of freezing, and 
except for the loss of some of the material during the harvesting 
operations caused by its brittle condition after freezing, no particularly 
harmful effects follow frost injury. 

SUMMARY 

Seasonal factors, through then influence on the rate of development 
and matiuing of sweet corn, are important in determining the quality 
of the canned product. ^ In the present experiments the rate of growth, 
the length of the growing period, the size of the plant and of the ear, 
the yield of com, and the rate at which maturity proceeded were 
modified very materially by variations in the environmental condi¬ 
tions. 

The number of days from planting to the time of silking ranged from 
55 to 79 for Golden Bantam and from 63 to 92 for StowelPs Ever¬ 
green. The principal factor responsible for these variations was 
temperature. The longest time required to reach the silking stage 
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was in plantings made early in the spring; the shortest time in plant¬ 
ings made in early summer. As the coolness of autunm approached, 
the time between planting and silking was correspondingly increased. 

The number of days from the time of silking to the" time most 
favorable for canning ranged from 20 to 40. Here also the tests 
indicated that temperature was the principal factor determining the 
length of the period. As the maturing period passed into the cool 
part of the autumn, the most favorable age for canning was corre¬ 
spondingly increased. 

The toughness of the corn as measured by its resistance to puncture 
increased continuously throughout the period of its development. 
Toughness has a very important influence on the quality of the canned 
material, for as toughness increases the quahty of the corn is pro- ’ 
gressively lowered until it becomes unsuited for table use. StowelPs 
Evergreen at corresponding ages was somewhat tougher than Golden 
Bantam. 

The yield of cut corn increased rapidly in the corn maturing in 
midsummer. In the cool autumn it increased more slowly but for 
a longer time. The proportion of cut corn to cob and husk continued 
to increase throughout the entire period of development and maturing 
of the ears. 

The percentage of moisture in the developing grains decreased 
continuously during the growth and maturing of the ears. It de¬ 
creased most rapidly during the hot summer days and less rapidly 
in the late fall. StowelPs Evergreen was found to be characteristi¬ 
cally higher in moisture content than Golden Bantam. Corn in prime 
canning condition had a moisture content ranging from 25 to 30 
per cent. 

The total sugar content of the very young grains was medium to 
low, increased for a time as development proceeded, and then de¬ 
creased as maturity approached. The rate at which the changes 
occurred depended primarily on the prevailing temperature. When¬ 
ever a change in temperature occurred it affected the development of 
the ear during that period regardless of the stage of maturity. 

The sucrose was low in the early stages of development, increased 
rapidly for a time, and then decreased slowly until maturity was 
complete. The changes were also affected by the prevailing tempera¬ 
ture, so that in the cool autumn the age at which the highest sugar 
content occurred was greater than in the early plantings. 

The reducing sugars were high in the early stages of development 
of the corn and decreased steadily as maturity advanced, the rate 
depending on the temperature. 

The polysaccharides were found to consist of a portion soluble in 
cold water, probably chiefly dextrin, and a portion insoluble in cold 
water, which was principally starch. When the corn was in prime 
canning condition about one-half of the total polysaccharides were 
’water soluble, and environmental conditions did not seem to alter 
this ratio to any extent. Owing to the slower rate at which maturity 
progressed, the quantity of polysaccharides was smaller in the corn 
developing during the late autumn than in corn of the same age devel¬ 
oping during the hot season. 

Of the seasonal factors concerned with the growing and canning of 
sweet corn, temperature was found to be the most important as 
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aifecting the quality of the canned product. The rainfall had a very 
marked effect upon the vegetative activities of the plant, but pro¬ 
duced no significant effect on the chemical composition of the cut 
corn or the quality of the canned product. No specific efl'ect of sun¬ 
shine could be detected in the experimental findings of this study. 

Light frost had no significant effect on the composition of the corn 
or the quality of the canned product. For the first few days after a 
heavy freeze the canning quality was almost equal to that of the un¬ 
frozen corn, but the quality deteriorated rapidly thereafter owing 
to the discoloration and the activities of microorganisms. 
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EFFECT OF FEEDING AND MANAGEMENT OF SHEEP 
ON THE TENSILE STRENGTH AND ELASTICITY OF 
WOOL' 


By W. E. Joseph 

Assoc/iate Animal Hushandmanj Montana Agricultural Experunent Station 

PREVIOUS INVESTIGATIONS 

The earlier work on the tensile strength and elasticity of wool at this 
station has already been reported in a paper in which some of the 
literature on the subject was reviewed An improved testing 

device was described, the observations which should be taken in 
running tests on wool fibers were demonstrated, and the interpreta¬ 
tion of the data from such tests was illustrated. It was shown that 
breaking stress has a much greater variability than tensile strength, 
and that the elastic limit and Young^s modulus may be more important 
indications of the value of a set of wool fibers in fabrics than the 
breaking stress. 

Since the appearance of the paper mentioned above, additional in¬ 
formation has been published by Hardy on methods of testing wool 
fibers (4, 6) developing the fact that humidity affects the ultimate 
strength and the elastic limit of wool fibers. 

Types of apparatus for testing wool were described by Henley (6) 
and Macha (7). 

There have been a number of reports showing the effect of feeding 
and management of sheep on the growth of wool. One of the earlier 
studies was made by Cooke and Jones (2) in which the feeding to 
Merino ewes of “carbonaceous” as contrasted with “nitrogenous” 
rations produced no measurable differences in diameter of fiber as 
indicated by their results. They point out, however, that the wool 
fibers of a few of the sheep that “did not do well” were “shrunken in 
diameter.” 

Craig (3, p. 18-19) used Shropshire wethers in a study of the rela¬ 
tive effects of “carbonaceous” and “nitrogenous” rations. He 
found that six wethers fed the “nitrogenous” ration clipped 2.4 
pounds more unwashed wool and 0.6 pound more crashed wool than 
six wethers fed the “carbonaceous” ration. The additional weight 
of unwashed wool was credited “in a limited degree, to the amount of 
yolk in the fleeces of the lots.” 

Skinner and Smith (10) report a difference of 0.4 pound more wool 
from ewes fed a dry ration than from those fed a succulent ration 
(containing coi^n silage). They do not, however, credit this increase 
to the difference in the rations. 

Feeding either calcium sulphate or a ration high in sulphur con¬ 
trasted with a ration low in sulphur seemed to have no effect on the 
gross weight of the fleece, on the percentage of clean wool, on the 
percentage of sulphur in pure wool fiber, or on the percentage of 
yolk (^). 


1 Received for publication June 1,1926; issued December, 1926, 

2 Reference is made by number (italic) to “Literature cited,” p. 1089. 
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Bray (1) reported some studies of density, breaking stress, and 
elasticity of fibers of Dorset, Shropshire, Merino, and crossbred sheep. 

METHOD OF TESTING THE FIBERS 

The method of testing the wool fibers in this study was essentially 
that described by Miller and Tallman (8). The readings taken were 
(1) stretch by each increment of weight or stress of 5 dgm., (2) 
elastic limit point, (3) total stretch at the breaking point, (4) breaking 
stress, and (5) diameter. The diameters were averages of 10 readings 
on each fiber. The fibers were mounted in Canada balsam and the 
readings were taken with a compound microscope. 

Small locks of about 25 fibers were separated from the main sample 
and every fiber in these locks was tested. In this way the longer 
or more prominent fibers were not tested to the exclusion of the 
shorter, finer, and less conspicuous fibers. The flesh or inner end 
of the fiber was placed in one jaw of the testing machine so that the 
wool grown during the test period was certain to be subjected to the 
test. 

Since facilities were not available for maintaining constant tem¬ 
perature and humidity and especially since the effect of the humidity 
of the breath and prespiration of the operator could not be eliminated, 
no attempt was made to control these factors in the testing room. 
All samples were kept in a desiccator containing calcium chloride 
for 24 hours before the beginning of the test. Only the small locks 
were exposed to humid air during the test. With the exception of 
the earlier work all testing was completed within three months after 
shearing. 

In order to equalize the effect of any tendency to change the routine 
of the test by the operator, alternate samples from the two lots were 
tested. The samples were not scoured before testing. The effect, 
if any, of hardening of the ^^grease^’ or ^'yolk'^ would also be equally 
distributed between the lots. 

Naturally some phases of the method are more or less arbitrary. 
The value of the results for comparative purposes depends on the 
ability of the operator to maintain a constant speed for the various 
operations. A definite order of procedure was worked out which was 
designed to occupy his time at every stage of the operation. The 
measurements of length of staple were taken after shearing. Each 
value is the average of 6 to 9 measurements of as many locks of wool. 

EXPERIMENTAL MATERIAL AND RESULTS 

In 1916 a small group of registered Rambouillet ewes from the 
flock owned by the station was put into a range band and kept under 
average range conditions for a year. Samples of wool from these 
ewes were taken in 1917. In 1916 these ewes had raised a few 
lambs, and samples of their fleeces were also taken in 1917. These 
samples were compared with those taken from mature ewes and from 
yearlings ewes and wethers, respectively, that were kept under very 
good farm conditions during the year. 

In 1918 samples were obtained from mature ewes kept under 
sernirange conditions and from ewes kept under very good farm con¬ 
ditions, both lots coming originally from the flock owned by the 
station. 
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Table 1. —Tensile strength and elasticity oj wool from aged eweSj 1917 

LOT 1 

(aged ewes, irrigated fenced pasture, good feed in winter, shelter) 


Sheep 

No. 

1 

Stretch 

Break 

Diameter 

Average 

elongation 

1 

Tensile I 
strength 

Young’s 

modulus 

j Elastic limit 
on equal area 

392-696-_ 
394-859.- 
406-980-- 
476-477-- 

Mm. 

7.86±0.248 
3.96± .169 
11.88=fc .297 
6.27d= .236 

Dgm. 

59.60=1=0.937 
36.50± .809 
50.61d= .958 
59.70=hl.l48 

15.40±0.115 
13.08=1= .135 
12.65=fc .162 
14.82=1= .196 

0.762=1=0.00811 
® .882=b .0135 
6 .801d= .0128! 
.696d= .0074| 

141,600dbl,895 

124,800=1=3,361 

186,400=1=3,194 

157,900=1=2,459 

660,000=1=10,640 
» 786,600=1=14,760' 
& 845,800=1=18,440 
789,000=1=15,400 

0.5589=1:0.0086 
; .6228:1: .0158 
. 7067=1: . 0146 
.6736:1: .0121 

Aver- 
ages - 

7.49±0.121, 

51.60d=0.485 

13.96=±=0.077 

1 

0.785=1=0.0054 

152,700=bl,395 

] 

i 770,300=h 7,530 

.6405=fc0.0065 

1 


LOT 2 

(aged ewes; range conditions) 


80^03-- 

991 

393-961-- 
401-847__ 
405_ 

7. OOrhO. 202 
7.04=1= .310 
7.68:±: .263 
8.80=fc .229 
.5.40-+- -209 

48.00±0.910 12.70=b0.122 
51.90:1=1.226 13.52d= .155 
47.50:1= .67412.76d= .082 
47.85d= . 843112.40db .110 
.55-5.'ii . 819 13. .564- .138 

0.890:t0.0132170,000±2,248 
c .7824: .0092:159,300:fcl, 979 
.856=1: .01141165,1004=2,904 
.8824= .0145176,600±2,425 
.7874: .0088175,6004:2,740 
.8184= .0094167,8004=2,236 

839,0004=14,000 

831,8004:14,020 

834,6004=10,930 

914,6004=12,510 

838,8004:15,480 

828,4004=12,150 

0.72354=0.0106 
.66754= . 0107 
.7104=1: .0082 
. 72294b . 0102 
.75524: .0137 
,71904= .0097 

404-979-- 

Aver- 

ages. 

0.72=b . 229^52.15=bl. 01213.39± . 115 

7, ll:t0.099 50.49d=0.38013.05±0.050 

0.8364=0.0046jl69,1004: 927 

847,9004: 5,410 

.7164±0.0043 


® 88 fib6rs-12 fibers faHed to withstand more than 10 dgm. 

80 fibers-20 fibers failed to withstand more than 10 dgm. 
e 94 fibers-6 fibers failed to withstand more than 10 dgm. 


Table 2. —Tensile strength and elasticity of wool from yearling wethers and eweSj 

1917 

YEARLING WETHERS 

ORRIGATED FENCED PASTURES; GOOD FEED IN WINTER) SHELTER) 


Sheep 

No. 

Stretch 

Break 

Diameter 

Average 

elongation 

Tensile 

strength 

Young’s 

modulus 

Elastic limit 
oneqmaarea 

519. 

Mm. 

9.184=0.254 
5.194= . 236 
6.044= .270 
6.334= .263 
5.364= . 216 
6.784= . 290 
6.684= . 308 

Dgm. 

53.304=1.066 
56.904:1. 281 
53.754=1.207 
65.854:1.674 
72.104:1.349 
GO. 704=1.281 
54.75dbl. 200 

14.05±0.118 
14.174= . 148 
15.71:fc . 121 
15.054: .205 
16.544= . 175 
16.784: . 148 
14,754= . 136 

0.888±0.0133 
.7984: .0101 
.829± .0115 
.7904: .0108 
.7624= .0081 
.8134= .0074 
.806=b .0074 

150,6004=2,017 
161,7004:2,904 
123,8004:2,380 
164,0004:2,782 
151,1004:2,262 
135,800db2,249 
146,0004:2,925 

684,0004: 7,410 
760,6004:12,240 
570,4004=10,140 
691.4004=13,340 
581,9004=10,580 
581,000=1: 8,600 
652,5004= 9,020 

0.60794:0.0077 
.71884= .0119 
.SlOlbh .0088 
.71774= .0119 
.73284: .0096 
.6060=fc .0085 
. 62964: . 0099 

536. 

548. 

554 . 

555 . 

559. 

567.! 

Aver¬ 

ages- 

6.484= . 100 

59.624: .494 

i 

15.154= .058 

.8124: ,003 

147,6004= 955 

646,000=1= 3,920 

.6461db .0037 


YEARLING EWES 
(same pastures AND FEED AS ABOVE) 


506_ 

5301 — 

508_ 

517_ 

524_ 

528_ 


541. 

552. 

553. 
556. 


Aver¬ 
ages 
(10) - 


6.294=0.243 
8.974= .283 
9.174= .344 
6.904= .229 
6.304= . 243 
7.324= .283 
6.02:1: . 236 
8.094= .324 
7.364= .276 
7.804= .283 
8.014= . 263 

82.754=1.551 
138.304=2.428 
58.804=1.281 
74.304=1.403 
71.434=1.227 
79.604=1.619 
63.254=1.349 
54.504= .944 
61.70=1=1.'214 
50.404=1.012 
77.004:1.158 

16.344=0.121 
22.204= .216 
14,574= . 128 
16.944= .155 
15.70=b . 133 
17.284= .155 
15.464: .175 
12.494= .094 
15.07=1: .116 
12.984= ,140 
16.084= .125 

. , . . . <=> 

171,6004:2,616 
159,9004:2,214 
158,6004=2,876 
166,7004=2,536 
165,9004=2,443 
146,2004=2,406 
169,3004:2,684 
197,5004=2,555 
153,3004:2,554 
170,3004=2,424 
170,3004:2,254 

65S,600db 8,350 
520,7004= 8,340 
680,0004= 9,750 
630,3004= 7,040 
642,6004= 9,380 
521,8004: 9,530 
649,1004=13,230 
830,0004= 9,54 
724,8004=11,270 
804,9004=12,840! 
653,000db 7,140 

0.77674:0.0143 
.66214= .0093 
.62874= .0074 
.7645=i: .0105 
.85594= .0100 
. 57134= . 0106 
.72754= .0091 
, 7547db . 0099 
.69694= .0095 
.72084= .0112 
. 76734=, 0107 

7.334= . 087) 

1 

67.374= .407 

16.194= . 043 

.7694= .0029 

167,0004: 804 

679,5004: 3,170 

.71644= .0032 


1530 omitted from the averages. Her wool was strictly one-half blood. 
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T 4 BLE 2 —Tensile strength and elasticity of wool from yearling loethers and ewes, 

1917 —Continued 

YEARLING RANGE WETHERS 


Sheep 

No. 

Stretch 

Break 

Diameter 

Average 

elongation 

Tensile 

strength 

Young’s 

modulus 

850.9(K)d=i6,400 
780,000d=13,010 
751,000±14, 530 

Elastic limit 
onetiualarea 

0.9442±0.0145 
. 8207± .0131 
.78r)3± .0151 

561- 

565_ 

Mm. 

a 22 ± 0.206 

4. 98± . 142 
7.00± . 162 

D(jm. 

52. 30dbl. 214 
49.10=b . G6S 
53.00± .853 

13.03S=0.135 
12.92± . 121 
13. 30± . 137 

0.858d:0.0148 
.938± .0141 
, 900d: . 0099 

179,000±2,923 
170,800±2,673 
175,000±3,274 

569_ 

Aver¬ 

ages. 

6.07=b . 0991 

51.47:1: , 542 

13.08± .076 

.899± .0076 

175,200±1,713 

794,000± 8,600 

.S521d= .0082 


A'EARLING RANGE EWE 


562- 

7. 00±0.216 

63.30db0.809 

13. 51±0.108 

1.153d=0.0148 

168,200±2,945 

565,800=fc7,840 

0.8589±0.0098 

Aver¬ 
ages 
(4) — 

G.30db .092 

1 51.92± .454 

13.l9d= .063 

. 962=h . 0068' 

173,500± 1,481 

736,900±6,740 

. 8538=b . 0066 


Table 3. —Tensile strength and elasticity oj wool f rom aged e wes, 1918 

LOT 1 


(EWES GRAZED ON IR11IG.\TED FENCED PASTURE,* GOOD FEED IN AVINTER; SHELTER) 


1 

Sheep 

No. 

Stretch 

Break , 

Diameter 

Average 

elongation 

Tensile 

strength 

Young’s 

inoduliis 

Elastic limit 
on equal area 

529. 

1 6.92±0.189 
! 8. 52± . 256 
t 8.54± . 249 
! 9.81± . 2361 
10.82± .249i 
9.02± . 216! 
8 . 67± . 2S6i 
7.04± . 256| 
9.16d: . 297l 
8 . 53± . 196 
9.72± . 236j 

Dgm. i 
55.36d=l. 012 
104.24±2.226 
42.40d= .742 
45.15±1.012 
73.94±1.583 
58.03d=1.079 
50.26d= . 809 
40.39d= . 877 
51.79dbl. 281 
52.29=1= . 877| 
54.76=1= , 944i 

14.64±0.121 
19. 63=t . 209 
12.08=b . 121 
12.78=fc . 148 
15. 68=fc . 142 
15.00d= . 142 
14.07=t . 121 
12.78±: . 128 
13.47d= . 1691 
13.44d= .121 
13.89=b . 135 

1.012=1=0.0148 
.546=h .0094 
l,213=b .0256 
1.362± .0290 
.884d= .0135 
.988=h .0121 
.990=b .0168 
l.233d= .0283 
1.153=fc .0229 
.940=b .0155 
.938d= .0215 

128,700=fcl, 963 
153,900d:2,159 
168,400=fc3,105 
159,700d=3,100 
177,200=1:3,283 
150,900=b3,195 
148, 100=1=2,966 
141, 800i:3,197 
160,300=hl, 96Ci 
166,100d=2,066| 
163, ]00i:3,130j 

562,400± 8,090 
596, 800=1:12,230 
775,700±16,860 
676, 500±11,060 
557,900d=ll, 120 
563,800=fcl2,190 
625,80O±13,350 
635, 800d:14,110 
590,200=1:11, 110 
736,800d=16, 580 
095,900=hl6,590 

0.6582d=0.0108 
.7397d= .0132 
. 8504d= . 0170 
.7419=1: .0146 
. 8615=b . 0174 
.7488d= .0193 
. 7371=b . 0130 
. 7843± . 0146 
. 7929=b . 0095 
.7820=1= .0120 
.7847=1= .0152 

530 1. 

541. 

578-. 

221-572-- 

392- 6g6.- 

393- 961... 

406- 980-- 

407- 959.. 
508-678-- 
655~656-- 

Aver- 

ages 

(10)., 

8.82± .076 

52.44=h . 332 

I3.78d= .043 

1.070± .0060 

|l50,400i: 910 

632, I00d= 4, 240 

. 7742=fc . 0046 


LOT 2 

CSEMIRANGE EWES) 


517.! 9.12=h0-222l 

552_: 7.70± .182 

8(MC3_..i 9.90d= .206 
399-690- ..1 a68± .2021 
401-489-_i aSli .209: 
476>477-_i 7.30= 


Aver- ! 
ages i 


62.19d=l. 147 
55.76=fcl.279 
45.70± . 626 
46. 76d= , 722 
50.21d= .944 
42.02± . 742 

15.94=b0.167 
14,09=1= . 142 
12.08± .088 
13.23=t: . 135 
13.86d: . 135 
13.40± .142 

0.925=b0.0l34 
. 850db , 0148 
1.154± . 0182 
1.244± .0202 
1.027=1= .0162 
1.121 db .0259 

158,(>00=h2,495 
168,000±2,482 
181,2n0d=2,759 
155,700d=3,073 
151,000=b2,475 
139,000±2.547 

578,700=1:12,180 
725,200=1=14,650 
723,200=fcl4,310 
566,300=bl0,790 
615,300=1= 9, 990 
,646, OOOrhM, 290 

0.7693±0.0206 
. 7461=b . 0125 
. 8635=b . 0140 
.7836=1= .0136 
. 73a0± . 0101 
.7059d= .0135 

: 50.44±: .380 

13.77=b .056 

1.053=1= .0076 

158,900±1,081 

642,400± 5,230 

.7674± .0059 


1530 omitted from mean because of coarse fiber. This ewe produced half-blood wool. 


The results of these tests are given in Tables 1, 2, and 3. Stretch 
represents total stretch at the breaking point. Break is the stress 
at the breaking poiat in decigrams. Diameters are expressed in 
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microns. Average elongation is the average stretch prodneed by the 
successive increments of 5 dgm. of stress. Tensile strength = 
Breaking stress in decigrams , LxS 

Areaof cross section in s<iuare niillimcters. ^ modulus = 

The length of Hber under test (L) is expressed in millimeters; stress 
(S), expressed in grams, refers to the increments of 0.5 gm. added 
at regular intervals; Average stretch or elongation (E), expressed in 
units of 2 mm., refers to the average stretch produced by the in¬ 
crements of 0.5 gm. before the elastic limit point is reached. Elastic 

limit on equal area = 

Area ot cross section in sq. mm. 

All samples tested in these studies were taken from the middle of 
the shoulder. 

Average results indicate lower values for range ewes for stretch, 
break, and diameter, and higher values for range ewes for average 
elongation, tensile strength, Young^'s modulus, and elastic limit on 
equal area. Although the individual results are not consistent, the 
probable errors of some of the averages are small enough in propor¬ 
tion to the differences between averages to make the results seem 
significant. 

Similar but more widely differing results were obtained with year¬ 
lings in 1917 as indicated in Table 2. In 1918 the results with aged 
ewes agreed only in part with those obtained with similar ewes in 1917. 

Composite graphs representing diameter and elastic-limit on equal 
area are given in Figures 1 and 2. The graphs representing elastic 
limit on equal area are considered typical also of those representing 
tensile strength and Yoimg’s modulus. The latter are therefore not 
included in this paper. 

Considering the composite graphs, a rather uniform tendency is 
noted toward a smaller diameter of fiber from the aged ewes as well as 
from the yearling wethers and the yearling ewe kept under range or 
semirange conditions as contrasted with the corresponding measure¬ 
ments from ewes kept under more favorable conditions as to feed, 
shelter, and general care. The data on tensile strength, Young^’s 
modulus, and elastic limit on equal area are not definite in their 
significance since the differences in the results obtained on aged ewes 
in 1918 are but little more than the probable errors of the means. 

The greater strength of the smaller fibers per unit of area of cross 
section is explainable on the basis of the structure, the medulla 
obviously contributing less strength than the cortex in proportion to 
the areas of their respective cross sections. This relation in structure 
accounts for the fact that the tensile strength, Young's modului, and 
the elastic limits on equal area are not proportional to the diameter. 
These quantities are functions of the respective areas of cross section 
of the cortex and medidla and of their respective strength, rather 
than of the total area of the cross section of the fiber or of the diameter 
of the fiber. 

No data were available to indicate the basis of selection of the ewes 
placed on the range in 1916, and it was therefore not established that 
these ewes were closely comparable with those kept in the home 
flock. In other words, the effect of feed and other external conditions 
on the diameter of wool fibers could not be determined from the 
data for these ewes. It seems, however, that the strength and 
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elasticity as related to the diameter of the fibers were somewhat 
similar among the individuals in the two lots. 

It seemed desirable to obtain a more accurate check on individuality 
and to reduce the number of variable factors in the experiment. 
Wethers were therefore selected for further study with the idea of 
eliminating such factors as oestrum, pregnancy, lambing, and milk 
production, and with the further idea of using these animals as sub¬ 
jects through a sufficient period of years to determine the effect of 
different rations on a series of fleeces produced by the same wether. 
In this way a check was obtained on the individuality of the wether. 





SLA/ST/C L/Af/r OA/ 

Fig. 2 .~Coinposite graphs showing diameters and elastic limit on equal area of w’ool fibers from 
aged ewes kept under semirange conditions and under good farm conditions in 1918 


The feeding period ranged from five to six months each year. 
During the remainder of the year the wethers were run together. 

During the first year of the test one lot of wethers was fed an aver¬ 
age daily ration of 4 pounds of alfalfa hay and 0.6 pound of a mixture 
of oats 3 parts and oil meal 1 part. The second lot was fed 4 pounds 
of mixed hay consisting of timothy 3 parts to medium red clover 1 
part. 

In 1920 and 1921 one lot was fed an average daily ration of 4 pounds 
of alfalfa of good quality. The other lot was fed oat straw which 
contained no grain and a very limited quantity of chaff and 4 ounces 
per head of cottonseed cake containing 43 per cent protein. 

The results of the tests of wool fibers are given in Tables 4, 5, and 6 
and in Figures 3, 4, 5, 6, and 7. 































Fig. 3.—DiaDieters of wool fibers from wethei-s ranging in age from 1 to 5 years. Broken lines, liberal feed; solid lines, limited feed 
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Fig, 4.—Diameters of wool fibers from wethers ranging In age from 1 to 5 years. Broken lines, liberal feed; solid lines, limited feed 
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Fig. 5.-Elastic limit on equal area ol wool fibers from wethem ranring^to age from 1 to 5 years. Broken lines, liberal feed; solid lines. 





Tcusile StTength (iTid Elasticity oj TFooZ 


sst3ff/j JO &3gtA/nf^ 


^ ^ ^ ^ ^ ^ ^ ^ 'o ^ ^ ^ ^ 




s&3ff/j JO a3ffHnAj 


e^L/f^r/c c/Af/r or raarL Jierj 

Fig. 6.—Elastic limit'on equal areaiof wooFflbers from wethers ranging in age from 1 to 5 years. Broken lines, liberal feed; solid lines, 
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Fig. T.'-Biameters and elastic limit on equal area of wool ftbera from 11 wethers, 1920 and 1921. One group 
of these wethers was fed straw and cottonseed cake during the winter of 1020 and alfalfa hay during the 
winter of 1921. The other group was fed these rations in the reverse order during the rospetdive years. 
The same wethers are represented in all graphs, thus eliminating the variation whicih would result from 
the use of Afferent sets of individuals in the two lots. Solid lines indicate limited feed, broken lines, 
liberal feed 

The graphs in this figure are composites of those in Figures 3, 4, 5, and 6 for the years 1920 and 1921, in 
W’hich each wether was represented by a separate graph. By eliminating variation due to testing limited 
numbers of fibers from each sample, great uniformity of results is obtained even though l,he rations differed 
markedly in feeding value 




























Due. 1, 192G 


Tensile Strength and Elasticity of Wool 


1085 


Table 4.— Tensile strength and elasticity of tuool, 1918 
LOT 1 

(RAMBOUILLET WETHEKS) RATION DURING TIIE WINTER FEEDING PERIOD, ALFALFA HAY, OATS, AND 

LINSEED-OIL MEAL) 


Sheep No. 

Stroieh 

Bi’oak 

Diameter 

Average 

elongation 

Tensile 

strength 

Young’s 

modulus 

Elastic limit 
on equal 
area 

465. 

mill. 

10.24=t0.243 

Dgm. 1 
59.34±1.214 

15. lOiO.115 

1.161±0.0269' 

146.400±2,219 

545,200±9,370 

0.6751d=0.0099 

519. 

8.43=fc .229 

50.74±1.214 

13.61± .128 

1.239i: .0209 153,100=bl, 965 

529,800d=7.550 

1 .7614± .0098 

548. 

8.35± .236 

49.89=t: .944 

J4.06± .135 

1.126d= . 0188144,300i:2,041 

555, SOOdrll, 010 

.7344± .0118 

555. 

7.52± .216 

57. 06±l. 012 

14,95=b .135 

. 925db . 0115 145,100=t2,118 
. 999d: . 0134 152,900±2,119 

574,000±8,240 

.8347± .0112 

567. 

8.67± .236 

58.25±1.079 

14.66=b .101 

553,800db6,840 

1 .8064± .0112 

Aver¬ 




i 

1 



ages-- 

8.64± .104 

1 

55.00d: .491 

14.47zt .055 

1 

1.090±: . 00851148,360±936 | 

551, 700±3,900 

.7624± .0048 


LOT 2 

(RAMBOUILLET WETHERS; RATION DURING THE WINTER FEEDING PERIOD, MIXED HAY, L E., TIMOTHY 

AND CLOVER) 


466. 

9.05±0.229 
8.22d= .229 
7.65± .209 
9.04± .256 
10.15=1= ,217 

69.66=1=1.416 
57.31d=1.416 
55.25=1=1,281 
63.29:tl,281 
6l.20=hl,179 

15. 71=fc0.142 
15,38=t .155 
13.92=1= .182 
15.24=b .155 
14.48d= .121 

0.858=1=0.0114 
LOOSzt .0195 
1.028d= .0203 
.9n=b .0121 
.918=fc .0141 

158, 600=bl, 896 
136,400d=2,085 
101,800S=2,532 
154,100=h2,196 
173,900=fc2,460 

563,300=fc6,480 
520,600=h8,530 
643,400=fcl2,830 
671,200±8,780 
610,500=fc9,660 

0.8424±0.0094 
.6816=h .0086 
.8904=b .0137 
.8265=b .0102 
.8201=t .0107 

536.1 

554. 

559. 

613. 

A v e r - 
ages.- 

8.82d= .102 

61.34=fc . 589 

14.95=h .068 

.945d= .0071 

157,000±1,006 

581,800:1?4,240 

.8122d= .0048 


Table 5. —Tensile strength and elasticity of woolf 1920 
LOT 1 

(RAMBOUILLET WETHERS; RATION DURING THE WINTER FEEDING PERIOD, ALFALFA HAY) 


Sheep 

No. 

Stretch 

Break 

Diameter 

Average : 
elongation 

Tensile 

strength 

Young’s 

modulus 

Elastic limit 
on equal area 

466. 

519. 

555. 

559_ 

567. 

mm. 

5.62±0.276 
8.89=1= .263 
7.10=fc .297 
6.27=b .275 
10.23d= .303j 

Dgm. 

57.32=bl. 281 
59.94d=1.214 
60.66=hl. 214 
72. 56=bl,375 
66.14=1=1.012 

14.63±0.179 
14.72=b .169 
15.45db .148 
16. 37=h .142 
I5.73=t ,128 

1.0S1±0.0162 
1.134=fc .0136 
.864=b .0115 
.900=b .0084 
1.001:1= .0141 

148,460=1=2,191 
159,160±2,343 
146,440=b2,144 
149,880±2,207 
156,390=b2,361 

581,100=b8,350 
562,300±9,510 
585, lOOdrS, 040 
493,700=b7,060 
474,200d=12,710 

0.6694d=0.01018 
.7795± .01254 
.6771± .00951 
.5807d= .00910 
.S851± .00910 

Aver¬ 

age.- 

7.62±. 127 

63.32=fc:.548 

15.38=fc.069 

.996d=.005« 

152,070d=l, 007 

539,300d=4,220 

.6583=1= .0046 


LOT 2 

(RAMBOUILLET WETHERS; RATION DURING THE WINTER FEEDING PERIOD, STRAW AND COTTONSEED CAKE) 


465. 

6.78=b0.238 
9.04d= .270 
8,07=fc .249 
7.36=h .256 
8.98d= .297 
6.22=b .290 

55.69=bl. 099 
49.17:1= .850 
59.68±1.214 
69.21=1=1.402 
60.53=bl. 584 
58.95dbl. 160 

15.06=b0.167 
13.35d= .144 
14.33=fc .169 
14.79± .126 
I4.29=b .189 
14.73db .133 

1.129=b0.0169 
1.320db .0164 
.894± .0135 
1.0l2d= .0167 
.988± .0209 
1.013d= .0209 

145.2B0±3.0481495.000=bl2. OSO'0.6209±0.01194 

492. 

176,190±2,816 569,400d:10,420 
106,3l0=b2,738 650, lOOdzll, 000 
157,800d=2,553 566,000=b7,240 
161,300=1=2,560 597,300±10,870 
155, G30d=3,409j557,700=fcll, 190 

.7704=fc .01389 
.7520d= .01268 

1 ,6482d: .01031 
.7002d= .01409 
.6617=h .01240 

536_ 

548. 

554. 

613. 

Aver¬ 

age-- 

7.74=t .109 

57.19d= . 606 

1 

14.42± .064 

1.059d= .0072 

160,200d=l, 171 572,600=b4,320 

.6939d= .00515 
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Table 6 .— Tensile strength and elasticity of wool, 1921 
LOT 1 

<RAMBOUrLLET WETHERS; RA.TION DURING THE WINTER FEEDING PEIUOD, STRAW AND COTTONSEED CAKE 


Sheep No. 


466. 

519„-. 

555-. 

559_._. 

567. 

6371. 

730 2. 

Average- 


stretch 

Break 

D‘uimct(‘r 

Average 

elongation 

Tensih^ 

strength 

Young’s 

nioduliis 

Rlastie limit 
on eciiml 


Dgm. 

70. 60=hJ. 821 
52. 80d=l. 079 
65. 45=tl. 686 
69.10d:1.420 
63.30=hl.079 
54. 55±1.360 
57. 40±1.110 

15. SUiO. 175 
14.79d= . 148 
16.27=1= .182 
16.21=b . 140 
14.19=t= .096 
13.86=fc . 162 
14.41=b .121 

1.066db0.0243 
l.464=b ,0378 
1.152=1= .0189 
I.028=fc .0174 
1.148=1: .0296 
1.316=h .0270 
1.320:fc . 0240! 

1.54.860±2, .51.5 
137, 280:1:1,9.54 
1.36, 820=1:2,116 
149,420d:1.83(1 
178,120d=2,4S2 
160,120=b2,674 
15.5,170d:2,444 

L59, 6()()=b7, 160 
38.5,8lK)=b:.5,890 
397, 500=1=5,200 
152,900=fc7,010 
510, I00=b0,180 
182, .500d=7,190 
446, I00=fc6,240 

0. 6813=h0.0117 
. 6316=b . 0086 
.6173=b .0100 
. 6906i: . 0107 
. 7235=b . 0082 
. 64r)9db . 0104 
. 6710=h . 0101 

mtu, 

9.66rt:0. 283 
7.94± .229 
8.86± . 256 
9.20=b . 268 
11.10± . 310 
9.66=h . 242 
10.14=h . 310 

9.50=fc . 103 

61, 89± . 527 

15.09:b .056 

1.212:t . 0100 

1.53,110:1= S72 

447,SOOd=2,440 

. 6650=1= . 0038 


LOT 2 

(RAMBOUILLET WETHERS; RATION DURING THE WINTER FEEDING PERIOD, ALFALFA HAY) 


465. 

492--. 

9,94=1=0.270 
12.66db . 283 
9. 70=h . 270 
9.72d= . 256 
11.04=t . 324 
11.62=b .270 
9.48=b . 268 

68.05=1=1. 551 
61.38=1=1.147 
61.75=1=1.416 
54.55=1=1.012 
69.15d=l. 659 
64.04dbl. 281 
61.15=1=1.110 

15.79d=0.142 
13.74=h .115 
14.90=fc . 182 
14. 93=1; . 128 
15.0.5=b .155 
13.92:t .128 
14.26=b -137 

1.178=1:0.0187 
I.408=h .0311 
1.229=h . 0214 
1.382=h .0322 
1.166=fc . 0243 
1.098=b . 0202 
1.060=b .0140 

153,600=1=2,335 
168,070±2,599 
158,386^=2,935 
141,900=1=2,031 
167,410d=2,457 
182,140d=2,191 
171,300±2,298 

411,000:1:5,710 
47I,800=b9,650 
447,000=fc7,360 
395,500d=5, 770 
447,600d=5,780 
554,500d=6,770 
556,700d=7,920 

0.6766=t;0.0087 
. 6580=3= . 0105 
. 6803=3= . 0100 
. 58(59=1= . 0085 
.71ll=h .0088 
.7331=3= .0088 
. 6S62=b . 0100 

536 3. 

548 ^. 

554. 

613. 

7593 . 

Average— 

10.59:t: . 105 

62.87db .503 

14.66d= .054 

1.2i7d= .0090 

163,270=b 915 

469,200^:2,690 

. 6760d= . 0035 


1 Fifteen fibers broke while being adjusted in the machine. 

2 One fiber broke while being adjusted in the machine. 

3 One fiber broke while being adjusted in the machine. 

< Four fibers broke while being adjusted in the machine. 

5 Five fibers broke ■while being adjusted in the machine. 


An analysis of the results therein shown, reveals no variation in 
stretch, break, diameter, average elongation, tensile strength, Young^s 
modulus, or elastic limit on equal area which can be ascribed to 
differences in the feed during the test period. The small differences 
in results obtained on any individual from year to year appear to 
be due to errors in sampling and to variability of the limited numbers 
of fibers tested; in other words, to the normal experimental error. 
The charts showing the distribution of all fibers tested from a given 
group of wethers under different feed conditions show clearly liow 
uniform the results were. Notwithstanding the rather wide Varia¬ 
tion in feed during the test period, the secretion of the wool fibers 
took place in a uniform manner in so far as size, strength, and 
elasticity of the fibers were concerned, and apparently the relations 
of the medulla and the cortex of the fibers remained the same under 
the two conditions. 

The condition or degree of fatness of the wethers was clean cut 
at the end of the test-feeding period, those fed the more liberal 
ration uniformly carrying more fat. Those fed the limited rations 
during the last two years lost in weight, one wether actually losing 
at the rate of over one-third pound per day. Nor was there any 
question regarding the ''conditionof the wool. The fleeces of the 
wethers in the lots fed straw and, cottonseed cake were dry, harsh, 
and lifeless to the touch as compared to the fleeces of the wethei's 
fed a liberal ration of alfalfa hay, which were in every case quite 
satisfactory in condition/' 
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The length of staple and weight of fleece were also considered in 
this connection. These are given in Table 7 in which they are 
arranged both chronologically without regard to the method of 
feeding and according to the method of feeding without regard to 
sequence in time. 


Table 7. —Weight of fleece and length oj staple, 1920 and 1921 
ARRANGED CURONOLOGICALLY 


Wether No. 

Weight of fleece in 
pounds 

Length of staple in 
inches 

1920 

1921 

1920 

1921 

465...... 

12.8 

14.6 

2.34 

2.17 

466. 

13.2 

11.1 

2.69 

2.40 

492... 

10.9 

11.7 

2.81 

2.72 

519. 

14.6 

12.7 

2.37 

2.27 

536... 

12.9 

13.2 

2.98 

2. 71 

548.... 

13.0 

14.1 

2.10 

2.16 

554... 

13.7 

15.8 

2.76 

2.63 

555. 

16.6 

12.5 

3.04 

2.47 

559... 

14.6 

12.4 

3.36 

2.98 

567... 

18.2 

16.1 

2.76 

2.55 

613. 

i 12.7 

2 13.9 

1 2.70 

2 2.70 


ARRANGED ACCORDING TO RATION FED 


Wether No. 

Hay 

Straw 
and cake 

!Hay 

Straw 
and cake 

465. 

14.6 

12.8 

2.17 

2.34 

466.:. 

13.2 

11.1 

2.69 

2.40 

492. 

11.7 

10.9 

2.72 

2.81 

519.. 

14.6 

12.7 

2.37 

2.27 

536. 

13.2 

12.9 

2.71 

2.98 

548. 

14.1 

13.0 

2.16 

2.10 

554... 

15.8 

13.7 

2.63 

2.76 

555.. 

16.6 i 

12.5 

3.04 

2.47 

559. 

14.6 

12.4 

3.36 

2.98 

567. 

18.2 

16.1 

2,76 

2.55 

613. 

13. 9 

12.7 

2.70 

2.70 



1 Second fleece. 


2 Third fleece. 


Arranged chronologically; the weights of the fleeces show complete 
absence of uniformity in tendency, but arranged according to the 
ration fed, the fleeces grown during the period in part of which hay 
was fed were uniformly heavier than those produced during the year 
represented by the test period on straw and cake. 

With two exceptions the length of staple shows a uniform tendency 
to decrease with the advancing age of the wethers. One of these 
exceptions was that of number 613 which was 2 and 3 years old during 
the respective years of the test, whereas the other wethers were 3 
and 4 or 4 and 5 years old during the same period. The second 
exception was that of a wether which was fed straw and cake during 
a part of the first year and hay during a part of the second year of 
the test. There is no tendency toward a decrease in length of staple 
in the third fleece as compared with the second fleece as is indicated 
by unpublished data. 

Considering the data on length of staple as arranged in the second 
part of the table, there is complete lack of uniformity in tendency. 
Interpreting the two parts of the table, age is a greater factor in 
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determiniag length of staple than rather marked differences in the 
level of feeding continued over a period of five to six; months. In 
other words, the length of staple will be modified almost imperceptibly 
by the level of feeding during the average feeding period on the ranges 
in Montana unless extreme differences are considered. The rate of 
secretion of the wool fiber during a short feeding ])erio(l in winter, 
while subject to influence by feeding, is modified significantly only 
with some difficulty and under rather extreme (‘onditions. Careful 
analysis of the data reveals a slight dffierence between the lots which 
is probably due to a more rapid decrease in length of staple if the 
ration of hay was fed the first year and straw and cake the second 
year, than if the rations were fed in the reverse order. In other 
words, while the feed as tested in this experiment seemed to influence 
the length of staple, this influence was purely secondary to that of 
age and therefore not capable of exact measurement with limited 
numbers of sheep. 

There are opposed tendencies in length of staple and weight of 
fleece in this case, and there is no change in diameter of fiber or 
apparently in the quantitative relations of such structural parts of 
the fiber as influence its strength or elasticity. This is interpreted 
as indicating that while the physical properties of the wool fiber 
itself are not easily changed either quantitatively or qualitatively, 
the ‘^yolk’^ or ^^grease^^ and other factors that go to make up shrink¬ 
age are easily subject to influence by the level of feeding even during 
a comparatively short period. 

A very interesting case observed during this trial was that of 
wether No, 555 whose weight decreased over one-third of a pound 
per day during the feeding period of 174 days in 1921. The weight 
of his fleece decreased 4.1 pounds and the length of staple decreased 
0.57 inch, but the diameter and the strength and elasticity of the 
wool fibers from his fleece were not influenced perceptibly by the 
level^ of feeding, notwithstanding the fact that ho was so poorly 
nourished that he succumbed to an invasion of pus organisms even 
after he had been on pasture for some time following shearing and 
the close of the test period. 

SUMMARY 

The results of the investigation here reported indi(‘ate that in 
sheep of fine-wool breeding, the organs which are concerned with the 
secretion of the wool fiber are not easily subject to such influences 
as changes in the level of feeding, especially for periods of five to six 
months, if the sheep remain normal in health; that the quality of the 
wool fiber is affected not at all, and that the quantity of fiber may 
be modified only slightly, as long as the sheep remain in normal 
health; that age of wethers up to 5 years affects the diameter of wool 
fibers very slightly if at all; that advancing age after the third or 
fourth year causes a decrease in length of staple; that failures in 
selection of sheep for the production of adequate length of staple or 
amount of actual clean wool can not be compensated by better feeding 
during a short period in winter; that the level of winter feeding of 
sheep should be determined on the basis of the needs for other pur¬ 
poses such as creating or maintaining strength and condition for 
withstanding the rigors of winter, growth of body rather than of 
wool,'production of strong lambs and of ample flow of milk at lambing 
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and after lambing; that if these points are properly observed the 
growth of wool will be provided for on a basis commensurate with its 
importance in the particular case; that any additional weight of 
fleece produced by more liberal feeding in winter consists of the factors 
making up shrinkage very largely and of actual wool fibers only 
slightly. 

Although the fleeces produced during the years in which the wethers 
were fed at the lower levels lacked in ^‘condition/' it is still a question 
whether the spinning quality of the wool after scouring would be 
aflected thereby; also, if adversely affected, whether the apparent 
lack of natural oily secretions could be compensated by the artificial 
application of oil. 
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A STRAIN OF YELLOW JERSEY SWEET POTATO RESIST¬ 
ANT TO SURFACE ROT (FUSARIUM OXYSPORUM W. & C.)‘ 

By J. I. Laueitzen 

Associate Pathologist, Office of Cotton, Truck, and Forage Crop Disease Investi¬ 
gations,, Bureau of Plant Industry, United States Department of Agriculture 

The loss of sweet potatoes in storage caused by surface rot is often 
large, especially in the Jersey varieties.-’^ Harter and Weiiner ^ 
have reported losses as great as 25 per cent. Data are available 
(Table 1) which show that as high as 38 per cent of Yellow Jersey 
roots have become infected with surface rot under certain storage 
conditions. 


Table 1. —Resistance to surface rot of the selected strain of Yellow Jersey sweet 
potatoes as compared with the unselected stock 



Number 

Number 

Number 

Percent- 

Seed from which roots w-cre taken 

1 of crates 

of roots 

of roots 

age in- 


1 used 

used 

infected 

fected 

Selected. 

. 6 

777 

50 

0.6 

Unselected. 

4 

609 

233 

38.0 


While examining Yellow Jersey roots in storage in 1923 and 1924 
the writer observed that two types were present, one of which was 
free from surface rot. These roots were distinguished from the 
others, not only by the absence of the disease but by other characters. 
The two strains may be described as follows: The resistant strain is 
fusiform in shape, dark russet in color, and the skin has a tendency 
to crack at the root end. The cracking is very slight and does not 
affect the value of the strain. In some roots it is entirely absent. 
The susceptible strain is globose and light russet. The coloring is 
really dependent upon or correlated with the degree of russeting, with 
some variation in both strains. The difference is sufficiently marked 
to distinguish the two strains readily. 

The origin of the strains is not known. There has been no oppor¬ 
tunity for the roots used by the writer to become mixed since they 
came into his possession. Probably the strains had then origin at 
an earlier date, for they have been observed in commercial stocks. 
It is possible that they may have come from seed in their original 
home in the tropics, and always have been mixed since they were 
brought to this country, or they may have arisen from bud variations 
here. Harter ^ discovered three red roots and three yellow roots 
growing from the same vine of the Haiti variety of sweet potato in 
the fall of 1923. These two strains have reproduced true to type 
each season since. 


1 Keceived for publication July 26, 1926; issued December, 1926. 

3 Harter, L. L., and Weimer, J, L, the surface rot of sweet potatoes. Phytopathology 9: 
465-469, illus. 1919. 

3 Pool, R. F. sweet potato diseases in new jersey, X. J. Agr. Expt. Sta. Oirc. 141, 31 p., illus. 

1922. * f *r J 

< Harter, L. L. bud sports in sweet potato. Jour. Agr. Research 33: 523-525, illus. 1926. 
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A small number of roots resistant to surface rot were selected in 
the spring- of 1924 and a planting was made from them along with a 
planting from imselected roots. The vines from the two plantings 
could not be distinguished from each other. The roots, however, 
reproduced true to type. 

The plants from the resistant roots yielded 6 bushels of potatoes. 
These were stored in crates on October 10 in the same room and under 
the same conditions as those from the unselected seed (cured for 10 
days at a temperature ranging from 21® to 24® C., stored at a tem¬ 
perature ranging from 10® to 15® and a relative humidity ranging 
from 55 to 75 per cent). 

An inspection was made on March 11, the following spring, of all 
. the selected stock and four crates of the unselected. The results 
are recorded in Table 1. The roots of the resistant strain showed 
only three-fifths of 1 per cent infection,^ whereas those from the 
unselected seed showed 38 per cent. This contrast becomes more 
striking when it is considered that there were many i-oots of the 
resistant strain mixed with those of the unselected stock. 

In order to compare the resistant strain more directly with the 
susceptible, a selection of the latter was made in the spring of 1925, 
and a planting made from the two. Both reproduced true to type. 

Sixty crates of the resistant and 48 of the susceptible strain were 
divided into four equal lots in each case and one lot of each strain 
was cured for 10 days under each of four different conditions of 
curing: (1) Temperature 21® to 24® C., relative humidity 70 to 80 
per cent; (2) temperature 24° to 27®, relative humidity 45 to 60 
per cent; (3) temperature 27° to 29°, relative humidity 45 to 55 
per cent; and (4) temperature 29° to 32®, relative humidity 40 to 50 
per cent. The potatoes of each strain under each curing condition 
were then subdivided into four equal lots, one of which was stored 
at each of four different humidities (62 to 68, 73 to 76, 77 to 84, and 
81 to 87 per cent), the temperature being practically the same in 
each case. Each strain was thus subjected to 16 different combi¬ 
nations of conditions as to curing and storage humidity. The storage 
period extended from October 16, 1925, to March 10, 1926, 

The results are summarized in Tables 2 and 3 in such a way that 
one can compare directly the effect on the development of surface 
rot of curing on the one hand and of humidity of storage on the other. 
The total number of infections xmder all conditions is also given. 

The variation in the percentage of infection of the resistant strain 
under the conditions given in the tables ranged from 3 to 13, that 
of the susceptible from 35 to 57. The highest percentage of infec¬ 
tion in the resistant strain obtained under any of the 16 combina¬ 
tions of conditions to which the roots were exposed was 21 (curing 
temperature 29® to 32® C., relative humidity 62 to 68 per cent). 
The percentage of infection of the susceptible strain under the same 
conchtions was 55. The highest percentage of infection of the sus¬ 
ceptible strain was 64 (curing temperature, 29® to 32®, relative 
humidity 77 to 84 per cent). The percentage of infection of the 
resistant strain under the same conditions 'was 6. The lowest per¬ 
centage of infection obtained with the resistant strain was 1 (potatoes 
cured at 21° to 24° and stored at relative humidities of 81 to 87 per 
cent and potatoes cured at 24° to 27® and stored at relative humidities 
of 81 to 87 per cent). The percentage of infection of the susceptible 
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Table 2, —Resistance to surface rot of the susceptible and resistant strains of yellow 
Jersey sweet potato under different conditions of curing^ 



Curing 
relative 
humid¬ 
ity, per 
cent 



Resistant strain 

Susceptible strain 

Curing 
tempera¬ 
ture, °c. 

Storage 
tempera¬ 
ture, ®G. 

Storage relative humidity 

Num¬ 

ber 

of 

roots 

used 

Num¬ 

ber 

in¬ 

fected 

Per¬ 

cent¬ 

age 

in¬ 

fected 

Num¬ 

ber 

of 

roots 

used 

Num¬ 

ber 

in¬ 

fected 

Per¬ 

cent¬ 

age 

in¬ 

fected 

21 to 24.-. 
24 to 27... 
27 to 29... 
29 to 32.- 

70 to 80.. 
45 to 60.. 
45 to 55.. 
40 to 50.. 

110 to 15 
Ithrough- 
[out stor- 
ij age period. 

’The data recorded at 
each of the curing tem¬ 
peratures and humidi- 
■ ties were obtained from 
potatoes stored at each 
of the storage humidi- 
. ties recorded in Table 3. 

2,685 

12,191 

|2, no 

2,199 

167 

79 

191 

230 

6 

4 

9 

10 

1,528 
1,509 
1,520 
1,495 

1 

616 

529 

624 

845 

40 
35 

41 
57 

Total. 




9,185 

667 

; 7 

6,052 

2,614 ’ 

i 






1 


« Duration of curing and storage periods, 10 and 127 days, respectively. 

Table 3. —Resistance to surface rot of the susceptible and resistant strains of yellow 
Jersey sweet potato tinder different storage humidities 


storage 
relative 
humid¬ 
ity, per 
cent 

Storage 
tempera¬ 
ture, ®c. 

Curing temperature and relative 
humidity 

Resistant strain 

Susceptible strain 

Num¬ 

ber 

of 

roots 

used 

Num¬ 

ber 

in¬ 

fected 

Per¬ 
cent¬ 
age ' 

1 in¬ 
fected 

Num¬ 

ber 

of 

roots 

used 

Num¬ 

ber 

in¬ 

fected 

Per¬ 

cent¬ 

age 

in¬ 

fected 

SI to 87... 
77 to 84... 
73 to 76... 
62 to 68... 

total-- 

110 to 15 
Ithrough- 
(out stor- 
Jage period- 

[The data recorded at each storage 
humidity were obtained from po- 
s tatoes cured at each of the curing 
temperatures and humidities re- 
1 corded in Table 2, 

12,274 

1 2,642 
j2,562 

J 1,707 

60 

192 

194 

221 

3 

, 7 

8 

13 

1,397 

1,469 

1,594 

1,592 

515 

556 

740 

803 

37 

38 
46 
50 

9,185 

667 ; 7 

6,052 

2,614 

43 





« Duration of curing and storage periods, 10 and 127 days, respectively. 


strain under the same conditions was 44 and 28, respectiv^y. The 
lowest percentage of infection of the susceptible strain was 24 (curing 
temperature 24° to 27° and relative humidity 77 to 84 per cent 
and at curing temperature 27° to 29° and relative humidity 81 to 87). 
The percentage of infection of the resistant strain under the same 
conditions was 3 and 5, respectively. The total percentage of infec¬ 
tion of the resistant strain under all conditions was 7, while that of 
the susceptible was 43. 

It is not the purpose of this paper to discuss curing and humidity 
as factors in the development of surface rot, but merely to show that 
the resistant strain exhibits a marked resistance under a variety of 
conditions, conditions that are evidently favorable to surface rot. 

The results here reported show that the dark strain (resistant 
strain) is markedly resistant to surface rot, although it is not entirely 
immune. This resistance is further evidenced by the fact that the 
lesions in the resistant strain are fewer in number and shallower than 
in the susceptible. There is also a tendency in the susceptible strain 
for the roots to shrivel about the lesions, which is almost entirely 
absent in the resistant. This tendency to shrivel is not to be re- 
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garded as a result of disease, however, but rather as a characteristic 
of the susceptible strain, for the roots shrivel at the tip to a marked 
degree even when they are not infected with surface rot. The 
resistant strain, on the other h^d, shows very little tendency to 
shrivel even under very dry conditions. 

It is proposed to call the resistant strain Improved Yellow Jersey 
for the following reasons: (1) Because of its resistance to surface 
rot and (2) because it withstands shriveling to a marked degree. 

o 
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SENSES OP THE COTTON BOLL WEEVIL—AN ATTEMPT 
TO EXPLAIN HOW PLANTS ATTRACT INSECTS BY SMELL^ 

By N. E. McIndoo 

Entomologist, Deciduous-Fniit Insect Investigations, Bureau of Entomology, 
United States Department of Agriculture 

INTRODUCTION 

A thorough and comprehensive investigation of the senses and . 
sense organs of the cotton boll weevil {Anthonomus grandis Boh.) 
will undoubtedly throw light on the means by which the cotton plant 
attracts this insect. Entomologists have considerable faith in the 
theory that there is some definite or indefinite relation, or possibly 
attraction, between insects and their host plants. In regard to some 
of the insect-pollinated plants it has been proved that the relation is 
a definite and mutual one, the insects and plants both being benefited; 
the insects receiving nectar or pollen in exchange for the unintentional 
labor of cross-pollination. In this case the insects are attracted 
either by sight or smell, but more probably by both. In other cases, 
however, the attraction is certainly not mutual, because only the 
insects profit by the relation. In such cases, how are the insects 
attracted—by sight or smell, or by some unknown sense? For short 
distances we believe that either sight or smell would suffice, but boll 
weevils are apparently able to locate cotton plants from long dis¬ 
tances and do not seem to make mistakes in doing so. If smell is the 
chief or only factor to be considered, the most reasonable theory is 
to suppose that plants, like animals, emit odors, and that insects in 
searching for food, either for themselves or their progeny, are guided 
hj them. It may also be assumed that the volatile chemical con¬ 
stituents of plants emit particular odors, and that the odor emitted 
from a plant is a combination of all the odors from these constituents, 
or possibly one odor may be so strong that it masks all the others. 
Upon this hypothesis, the odors from plants would vary according to 
the number, combination, and quantitative percentages of the 
various volatile constituents. Reasoning along this line, we may 
be able to explain why a few insects have only one host plant; why - 
many have a preferred host plant, but will eat allied plants; and why 
others feed upon a large number of plants. If we had positive infor¬ 
mation on this subject, we might bn able to devise practical methods 
for the control of the boll weevil and certain other insect pests by 
using attractive poisoned baits, or by placing the ^^attractant^^ in 
traps. 


1 Received for publication July 3, 1926; issued January, 1927. 
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The foregoing is only a brief theoretical statement of how plants 
attract insects by odors. At once the reader may rightly ask, “Is 
there any definite information to support this theory, and are insects 
really attracted by odors from a distance?’' A mass of literature 
dealing indirectly with this subject has been published, but very 
little of it is actually applicable to this particular problem, chiefly 
because nearly all of the investigators have used certain chemicals, 
or other compounds, not necessarily plant constituents, and for that 
reason it is difficult to correlate the results. For lack of space only 
a few references will be cited. Verschaflfelt’s (STY results are the 
most important along this particular line. He observed that cab¬ 
bage butterflies seem to be attracted to various members of the 
Cruciferae, and found by tests that their larvae ate the leaves of 15 
species, representing 14 genera of this family. Chemists had pre¬ 
viously determined that all of these contain mustard oils; thereupon 
Verschaffelt devised experiments and proved that the larvae actually 
seek out various mustard oils. 

There is no definite or reliable information to show that insects 
are attracted from long distances by plant odors, but members of 
the Biological Survey of this department have had success in attract¬ 
ing mountain lions, wildcats, and lynxes from a distance to traps 
baited with oil from the catnip plant, although this particular subject 
may have little or no bearing on that discussed in this paper. Never¬ 
theless, we do.have definite information about the attraction of insects 
from long distances by insect odors. Kiley (50, p. S8-39) reports 
that a caged female of the Ailanthus silkworm moth of Japan was 
apparently scented from a long distance by a marked male of the 
same species, which had been carried one and a half miles one even¬ 
ing and then released; the next morning the two moths were together. 
Fabre (8, p, 189-216), Forel (9, p, 76), and Mayer ( 40 ) conducted 
many experiments to prove that male moths apparently by smell 
alone can easily locate their females from long distances. 

No direct evidence has been presented to support the theory that 
cotton plants really attract boll weevils by means of odors or emana¬ 
tions, but Power and Chesnut (44i 45) have shown expeiirncntally 
that living cotton plants do give off emanations containing two odor¬ 
ous substances, one of which has an extremely strong and persistent 
odor, and the present writer (38) in 1925 experimentally convinced 
himself that the Colorado potato beetle (Le'ptinotarsa decemlineata 
Say) is attracted partially, if not wholly, by the emanations from its 
host plants. 

While conducting experiments at Tallulah, La., in July and August, 
1922, to determine whether or not the practice of dusting cotton 
plants with calcium arsenate is injurious to honeybees, the writer 
was asked by B. R. Coad,.in charge of the Delta Laboratory at 
TaUulah, to study the behavior of the cotton boll weevil in the field 
and laboratory. During the latter half of June, 1924, the writer was 
again^ at Tallulah, collecting niore material and conducting further 
experiments on the boll weevil. The results obtained are herein 
recorded. Mthough only of a preliminary nature, they add con¬ 
siderable weight to the remainder of this report, which is of a morpho¬ 
logical character. 


3 Reference is made by number (italic) to “Literature cited, “ p. 1139. 
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The writer has made a thorough study of the anatomy of the sense 
organs of the boll weevil, and has brought together the available 
information along this line in the hope that new Tight may be thrown 
on the entire subject. 

ATTRACTIVENESS OF COTTON PLANTS TO BOLL WEEVILS 

The boll weevil, compared with many other insects, is a weak 
flyer, but during the dispersal period in autumn it has been known to 
migrate more than 40 miles in a short time by successive short flights. 
At other periods it is comparatively quiet and seldom travels far, 
although in spring, when it emerges from hibernation, it may be a 
mile or more from the nearest cotton. It is, however, usually much 
nearer. Regardless of its distance from cotton plants, Hunter and 
Pierce (IS, p, 41) inform us that it apparently makes no mistakes 
in finding its favorite food. 

- The cotton boll weevil is known to eat normally several species of 
plants; but when forced to feed upon others to which it is not 
accustomed, it will partake of them only to a limited extent; however, 
practically all the plants which it will eat belong to one family, the 
Malvaceae. Coad (4, p^ 3) and Smith (<5S, p, 5) state that the boll 
weevil normally feeds on the various species of the cultivated and wild 
cottons (Gossypium Tiirsutum, (?. Tierhaceum, 0. barbadense, Q, brasili- 
ense, G, davidsoni, etc.) and also on the so-called wUd cotton {Thnr-- 
beria thespesioides), Coad succeeded in rearing weevils, on the buds 
of the shrubby althaea {Hibiscus syriacus), but had only partial suc¬ 
cess in rearing them on the buds of GaUirrhoe involucrataj 0. pedata, 
and SpTiaeralcea lindheimeri. 

CHEMOTROPIC EXPERIMENTS 

Hunter and Hinds (17, p. 70-71) report that owing to the belief 
that it might be possible to destroy the weevil by attracting it to 
sweetened poisons, a number of experiments were performed in the 
laboratory and field. Various grades of sugar, molasses, and honey 
were used in comparison with the attractive influence ot cotton 
leaves. None of the sweets seemed to exert any noticeable attrac¬ 
tion, except the honey, and that only slightly; but the cotton leaves 
always attracted many weevils. Hunter and Pierce (15, p, 43) 
coiToborate these findings. 

Recently this theory has been revived and many tests conducted 
to determine whether it has any practical application. McGehee 
{26j p. 7j 15) does not believe that the molasses in the sweetened 
poison attracts the weevils, although this method compared favorably 
in its results with the dust method. Leiby and Harris {24, V- 9, 12, 
18), who tested a proprietary sweetened poison, and home-mixed ones 
containing blackstrap molasses, state that their findings are incon¬ 
clusive as far as results are concerned, Isely and Baerg {19, p. 16, 
17, 28) used proprietary sweetened poisons and foxmd that they 
appeared less effective than the dust method and involved much 
more labor. 

EXPERIMENTS IN WHICH SWEET SUBSTANCES, WATER, COTTON LEAVES, AND 
COTTON SQUARES WERE USED 

In order to find a substance, preferably a sweet one, which would 
attract boll weevils equally as well as do cotton squares, the experi¬ 
ments described below were performed at Tallulah, La., during July 
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and August, 1922. If such a substance were found, it could be 
mixed with poisons and applied in cotton fields to control the weevils; 
or traps baited with it might be installed in the fields for the purpose 
of catching the weevils. The writer was ably assisted by G. L. 
Smith, who performed the field tests and aided with those at the 
laboratory. 

Preliminary Experiments 

The first few preliminary experiments showed that weevils pay 
little or no attention to three brands of molasses (blackstrap, koo- 
koo, and karo), honey, saccharine (strong solution), and sugar sirup 
(saturated solution). 

Fifty weevils, collected the day before being tested, were put in each 
of eight wire-screen cages (12 inches square by 1.5 inches deep) which 
were placed side by side on supports in the shade of a large cottonwood 
tree. Experience quickly showed that most of the weevils went to 
one corner or to one side of the cage and usually remained there, 
regardless of the substance placed in the cage; therefore, in order to 
force them to change their position, it was necessary before testing 
them to reverse the cages end for end. The seven liquids used were 
put on small pieces of absorbent cotton of equal size, and the pieces of 
cotton were then laid on small pieces of paper of equal size, one of 
which was placed at the center of each of seven cages. A cotton 
square, lying on a piece of paper of the same size, was also placed 
in the center of the eighth cage. Counts were made every minute up 
to 10 minutes, when the liquids and cotton squares were shifted from 
cage to cage, so that at the conclusion of the experiments each of the 
eight cages had contained each of the eight substances. A summary 
of these eight series of tests at the end of the 10 minutes showed 
the total number of weevils which had eaten of the substances to be 
as follows: Cotton square, 27; water, 8; honey, karo, and koo-koo, 
7 each; sugar sirup and saccharine, 5 esach; and blackstrap, 3. 

The following morning about half of the weevils were dead. The 
foregoing experiments were repeated by using 25 of the remaining 
weevils, now hungry, in each cage, A summary of these tests 
at the end of 10 minutes showed the number of weevils which had 
eaten of the various substances to be as follows: Cotton square, 21; 
water, 11; honey and karo, 6 each; sugar sirup and koo-koo, 3 each; 
blackstrap, 1; and saccharine, 0. 

The preceding experiments were repeated three times, 50 fresh 
weevils being used in each cage each time, although in these tests the 
liquids were dropped upon fresh cotton leaves which wore placed at 
the centers of the cages, A summary of all three sets gives the 
following results: Cotton square, 172; water and sugar sirup, 58 each; 
karo, 53; honey, 44; koo-koo, 35 ; blackstrap, 21; and saccharine, 15. 

Tests in which 30-minute periods wei'e used instead of 10-minute 
ones did not materially change the above proportions. 

Tests in Field Cages 

Experiments somewhat similar to the" preceding, but performed 
on ^larger scale, were carried on by releasing 100 fresh weevils in 
each of 7 field cages, 4 feet square by 4 feet deep. The cages were 
turned upside down and heavy muslin used as tops, which made 
more or less shade for the weevils. The various liquids to be tested 
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were dropped upon fresh cotton loaves, one of which was then placed 
at the center of each side and bottom of the cage. Cotton squares 
and leaves not bearing any liquid were similarly placed. The 
weevils were released at 10.30 a. m., and counts were made every 
half hour up to 5 p. m. A summary of two sets of experiments, 
showing the maximum number of weevils at one time on all the 
leaves or squares in a cage, is as follows: Cotton square, 28; koo-koo, 
7; honey, 6; blackstrap, 5; karo, 4; leaves (control), 4; and sugar 
sirup, 1. 

The field cages used in the preceding experiments were moved to 
a cotton field and each was placed over a cotton plant in the usual 
manner when such cages are employed. At 8.30 a. m., about 12 
leaves at the top of a plant were treated with drops of either sugar 
sirup, honey, karo, koo-koo, blackstrap, or with ice-cream powder 
in a liquid form. The control plant was left untreated. At 9 
o’clock, 100 fresh weevils were released in each cage, and thereafter 
up to 5 o’clock the number of weevils found on the treated plants 
and control were counted hourly. This set of weevils was used two 
days, the liquids being applied to the leaves again on the second 
day. 

These experiments were repeated twice, fresh weevils being used 
each time. The second set of insects was used three days and the 
third set two days. In these five tests a sweetened proprietary 
calcium arsenate mixed with water was also applied to the leaves 
in addition to the substances enumerated above. 

Table 1 .— Maximum number oj boll weevils jound at one time on untreated plant 
and on other cotton plants variously treated 


Number of weevils on plants treated with— 


Test 

No. 

Number of weevils on untr 
plant 

Sugar sirup 

Honey 

Karo 

Koo-koo 

Blackstrap 

Ice-cream 

powder 

Sweetened 

proprietary 

calcium 

arsenate 

Entire plant 

Treated leaves 

Entire plant 

Treated leaves 

Entire plant 

Treated leaves 

Entire plant 

Treated leaves 

Entire plant 

Treated leaves 

Entire plant 

Treated leaves 

Entire plant 

Treated leaves 

1 . 

89 

91 

3 

92 

4 

92 

1 

86 

1 

79 

1 

88 

5 



2 . 

84 

83 

5 

85 

7 

80 

2 

81 

2 

66 

1 

86 

5 



. 

85 

88 

3 

85 

3 

91 

2 

72 

2 

60 

0 

85 

4 

62 

0 

4. 

96 

94 

3 

82 

3 

95 

2 

82 

3 

96 

0 

96 

4 

90 

0 

5. 

83 

78 

4 

73 

2 

85 

3 

69 

3 

74 

2 

93 

3 

63 

0 

6 . 

91 

86 

3 

91 

3 

95 

3 

88 

1 

85 

2 

95 

3 

95 

0 

7. 

70 

84 

3 

73 

2 

85 

1 

82 

2 

73 

0 

85 

2 

86 

0 

Aver¬ 
















age. 

85 

86 

3 

S3 

3 

89 

2 

80 

2 

76 

1 

90 

4 

79 

0 


Tables 1 and 2 show the detailed results of these seven tests. It 
is seen that the plants treated with karo and ice-cream powder bore 
a few more weevils than did the control; those treated with koo-koo, 
blackstrap, and sweetened calcium arsenate bore a few less; and 
those treated with sugar sirup and honey bore practically the same 
number as did the control (Table 1). Since these differences are 
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so small, they may be attributed to probable errors. The maximum 
number of weevils found at one time on the treated leaves shows 
that the hquids used had little or no attractiveness, but the black¬ 
strap and sweetened calcium arsenate seem to have been sUghtly 
repellent (Table 1). Relative to the total number of weevils found 
on the treated leaves during the full period of the experiments. 
Table- 2 shows that honey and ice-cream powder might have had a 
slight attractiveness, although so slight that they could have been 
of no practical importance. 

Table 2. —Number of boll toeevils found on treated leaves of cotton plants during the 
full period of experiments 


Number of weevils on leaves treated with— 


Test No. 

Sugar 

sirup 

Honey 

Karo 

j 

Koo-koo 

Black¬ 

strap 

leo-cream 

powder 

Sweetened 

proprietary 

calcium 

arsenate 

1 . _ . 

7 

15 

2 

2 

2 

13 


2 . 

11 

15 

5 

4 

1 

13 


3. 

11 

18 

8 

6 

0 

13 

0 

4. 

fl 

12 

3 

0 

0 

7 

0 

5. 

12 

10 

0 

8 

4 

18 

0 

«. 

11 

7 

8 

1 

0 

15 

0 


8 

0 

3 

5 

0 

11 

0 

Average. 

9 

12 

5 

5 

2 

13 

0 


Conclusions 

The results obtained in this investigation indicate that the various 
substances used attract boll weevils very little or not at all, and 
none of them is of any practical value as a means of controlling 
these insects. 

OLFACTORY EXPERIMENTS 

The following observations were made by the writer in 1922 while 
trying to find a sweet substance that would attract boll weevils. As 
already stated, nearly all of the weevils tested in the cages (12 inches 
square) for some unknown reason went to the west side, and there 
remained regardless of the substances in the cages. Just as soon as 
the cages were reversed end for end, the weevils immediately walked 
from the east to the west side, and in so doing many of them passed 
within one-quarter, one-half, or three-quarters of an incdi of the 
sweet substance on the absorbent cotton or on the cotton leaves, yet 
in hardly an instance did they turn from their straight course to go 
to it. They behaved differently, however, toward the cotton squares. 
Many of them went directly to the squares from a distance of 4 or 5 
inches; and often a weevil turned at right angles while passing a 
square in order to reach it. If the honey and five brands of sirup 
used had acted as attractants, the weevils certainly would have 
behaved similarly toward them; although in regard to all of these 
responses, sight instead of smell might have been the sense used. 

In collaboration with this bureau, F. B. Power and V. K. Chesnut, 
of the Bureau of Chemistry, undertook to determine the volatile 
constitutents of the cotton plant in order that these substances might 
be used to attract boll weevils. This work was begun at Tallulah, 
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La., in the summer of 1923 by distilling large quantities of cotton 
plants, and owing to the complex nature of the investigation, it 
lasted for some time. All of the results are now published, including 
two papers { 44 ^ 45 ) concerning the volatile substances. These 
writers believe that the alkalinity of the dew of the cotton plant is to 
be attributed, at least in part, to the presence of ammonia and 
trimethylamine, because these substances were found to be emana¬ 
tions from living cotton plants and were also identified in the dew 
collected from the foliage. Among the 12 individual substances 
found by them in the concentrated distillate, which included all the 
odorous and volatile constituents in the cotton plant, were 3 of 
particular interest for chemotropic tests. The so-called “essential” 
oil was about 0.003 per cent of the material employed. It had a 
strong, rather agreeable, and persistent odor. The ammonia and 
trimethylamine were present in appreciable quantities, but the 
ammonia largely predominated. So small an amount of trimethyl¬ 
amine as 0.0000005 gm. can be detected by its odor. In regard to the 
essential oil, ammonia, and trimethylamine. Power and- Chesnut be¬ 
lieve that only the trimethylamine serves as an attractant to allure 
boll weevils to cotton plants. 

During the latter half of Jime, 1924, the writer used for the first 
time a sample of the concentrated and strongly odoriferous trimethyl¬ 
amine (33 per cent in water), which was isolated from cotton plants 
by Power and Chesnut. Several simple tests were made similar 
to those in which the sweet substances mentioned above were em¬ 
ployed, but in no instance was any perceptible attraction observed. 
The next step was to develop a special apparatus to test this chemical 
further. A crude device, now greatly improved, and called by the 
writer an insect “olfactometer,” was made. A brief summary of the 
results obtained in 1925 by the use of this instrument with other 
insects is given on pages 1135-1136. Dming June of 1924 only a 
comparatively few old weevils, which had come to the cotton fields 
from their hibernating places, could be collected daily, and it was 
therefore necessary to use the same weevils repeatedly until they 
failed to respond. Being thus handicapped by lack of material and 
with only a crude apparatus, the writer could not obtain accurate and 
positive results, but the preliminary laboratoiy experiments showed 
that when the trimethylamine was sufiiciently diluted with water 
the weevils seemed to be slightly attracted. 

Some of the old weevils mentioned above were put singly in small 
wire-screen cages with glass tops, the inside measurements of the cages 
being 5 inches long, 2 inches wide, and 3^-inch deep. All the chemi¬ 
cals tested in these olfactory experiments were held in vials of equal 
dimensions and capacity. When a weevil was ready for testing, 
the stopper of one of the vials was removed and the vial was placed 
just beneath the weevil on the bottom of the cage. In each instance 
the source of the odor was about three-fourths inch from the weevil. 
In nearly all cases only the reaction times of the first responses 
observed have been recorded, the time being registered with a stop 
watch the seconds of which were divided into fifths. 

Trimethylamine (1 to 100): 3 turned to one side quickly; 2 turned around 
over vial and flew away; 2 turned around over vial and walked away; 1 moved 
quickly and then flew; 1 moved slightly, then tried to get through wire screen 
over vial; 1 moved quickly, then tried to put snout through wire screen, and 
rubbed hind legs together; reaction time 2 to 10 seconds, average 3.9 seconds. 
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Trimethylamiiic (1 to 1,000): 4 iiw)VC(l away slowly; 2 tuniod around and 
rubbed legs together; 1 raised wings; 1 moved an inch toward vial and turned 
around over it;~ 1 moving weevil stopped 5 seconds after vial luid Ijecn held under 
it, then tried to put its snout through wire screen over vial; 1 turned around over 
vial and tried to put snout through wire screen; reaction time 3 to 7 seconds, 
average 4.9 seconds. 

Benzyl acetate; 5 moved away quickly; 2 turned around quickly; 2 jumped 
quickly; 1 moved away and worked legs. Reaction time 1 to 4.4 seconds, 
average 2.6 seconds. . ,, « , , i . 

n-Butyl acetate; 7 moved away quickly; 2 moved away slowly; 1 jumped 
quickly. Reaction time 0.6 to 5 seconds, average 1.9 seconds. 

Methyl acetate: 4 moved away slowly; 4 moved away quickly; 1 worked legs; 
1 moving weevil stopped, then walked away. Reaction time 2 to 6.4 seconds, 
average 3.5 seconds. 

Allyl alcohol; 5 weevils tested; reaction time 4 to 10 seconds, average 6.2 
seconds. 

Capryl alcohol; 5 weevils tested; reaction time 2 to 7 seconds, average 4.3 
seconds. 

One weevil was tested with each of the following: Anisole, n-butyl 
alcohol, caproic acid, caprylic acid, carvacrol, citral, p-oymene, 
iso-amyl alcohol, iso-amyl benzoate, iso-amyl formate, iso-butyl 
acetate, iso-butyl alcohol, iso-propyl acetate, iso-propyl alcohol, 
methyl ethyl ketone, n-propyl acetate, n-propyl alcohol, and tertiary 
amyl alcohol, but no reaction was shown which indicated that the 
weevil was really attracted by the odor emitted. 

Conclusion 

Not one in the list of 24 chemicals tested, except the trimethylamine, 
seemed to have any attractive properties. The trimethylamine 
appeared to attract weevils slightly at times, but there was never 
any pronounced attraction. During these tests the vial was placed 
beneath a few moving weevils to determine what effect the odor 
would have on their movements. In most cases the insect stopped, 
very often rubbed its legs together, then feigned death, but several 
seconds after the vial had been taken away, it awoke and moved on. 

Lutz f. 275) tested a large number of chemicals found either 
in flowers or employed in the manufacture of perfumes. He says: 

These were used with lard as a base in varioius concentrations and combina¬ 
tions. They were exposed in small dishes placed where flower-visiting insects 
were abundant, but no such visitors came to the dishes, although other insects 
(chiefly various flies) did so either by accident or otherwise. Possibly the right 
odors or combinations of odors were not used; possibly flower-visitors were not 
to be fooled by odors coming from such unflowerlike contraptions avS glass dishes; 
and possibly insects do not find flowers by the sense of smell. Certainly, al¬ 
though the experiments consumed considerable time, they proved nothing.' 

SENSE ORGANS OF ADULT BOLL WEEVILS 

Before entering into a discussion of the morphology of the sense 
organs of the boU weevil, it seems expedient to describe the material, 
methods, and histological technique employed in the study. 

MATERIAL AND METHODS OP PREPARING WHOLE MOUNTS 

The writer is often asked about his methods of preparing whole 
mounts of insects and about his histological technique, and since he 
has not published any details on these subjects in the past 10 years, 
he considers it worth while to give his most recent and best, methods 
on these subjects, particularly since some of them have never been 
published. 
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Some of the material on the boll weevil was collected by the writer 
at Tallulah, La., in July and August, 1922; some in June, 1924; and 
other material was collected and preserved by various assistants of 
B. R. Coad, particularly by A. J. Chapman. 

To obtain material for whole mounts of adult boll weevils, both 
dried and alcoholic specimens were used; but for whole mounts of 
larvae, only alcoholic specimens were employed. The specimens were 
treated with saturated caustic potash in the usual way by heating in 
a test tube over a Bunsen burner, or were allowed to stand in the 
unheated liquid for a day or longer, depending on their size and hard¬ 
ness. They were then removed and thoroughly washed with water, 
and the adult specimens were decolorized or bleached with chlorine 
gas in the following manner: A small quantity of potassium chlorate , 
or chloride was put in a small wide-mouthed bottle (bleaching bottle). 
The specimens were then wrapped loosely in a small piece of cheese¬ 
cloth which was suspended from a hook in the middle of the stopper. 

A pipetteful of hydrochloric acid was next dropped upon the potassium 
salt in the bottom of the bottle. At once chlorine gas was liberated, 
which in a few minutes bleached the dark-colored specimens. The 
specimens were again thoroughly washed in water and finally pre¬ 
served in 50 per cent alcohol. 

To study the external parts of the sense organs, 10 individuals of 
each sex and several larvae were dismembered by having all the 
appendages, head, thorax, and abdomen carefully severed. These 
parts were then put in vials in such a way that their identity was pre¬ 
served. Some of these parts were temporarily mounted in 50 per 
cent alcohol, and others were mounted in Canada balsam or in a 
15 per cent solution of potassium acetate. This solution, as well as 
the 50 per cent alcohol, gave a good refractive index, so that the 
minutest pores or slits could be easily discerned, but the balsam was 
less satisfactory in this respect. All parts were mounted between 
cover glasses in order that both sides of the specimen could be care¬ 
fully studied under a high-power lens. In the case of the potassium- 
acetate mounts one cover glass was considerably smaller than the 
other in order that it might be securely sealed with asphaltum. 

MATERIAL AND HISTOLOGICAL TECHNIQUE 

To obtain material for the study of the internal anatomy of the 
sense organs, full-grown larvae and adult weevils (just ready to 
emerge) were taken from the flower buds, called ^^squares.” To 
insure a good supply of material, a large number of squares bearing 
larvae and pupae were collected in the fields, and these were kept in 
the laboratory and examined daily. Some of the material was put at 
once in alcohol to be used for whole mounts, but most of it was pre¬ 
served in the Bouin and the modified Carnoy fixing fluids. The 
latter, consisting of equal parts of absolute alcohol, chloroform, and 
glacial acetic acid, with corrosive subhmate to excess, was kept in a 
glass-stoppered bottle so that it might not lose its fixing ability by 
absorbing moisture from.the air, although it does deteriorate within a 
few weeks in spite of all precautions taken. When material was 
dropped into vials containing this’fluid, the stoppers were left off no 
longer than was absolutely necessary. To assure good fixation of 
the internal tissues, the snout or beak, antennae, head, legs, wings, 
and thorax were severed, and immediately dropped into the fixing 
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fluids, the Carnoy fluid being mostly used. The material preserved 
in the Bouin fluid was left in it overnight, and then washed several 
times in 95 per cent alcohol, but the material proseiwed in the Car¬ 
noy fluid was removed when it sank to the bottom of the Aual, and 
then thoroughly washed in 95 per cent alcohol All material was 
kept in 85 per cent alcohol until sectioned. 

From this stage on, the procedure is considerably different from 
the double or parafiin-celloidin method described by the writer in 
1915 {30). The successive steps in its use are as follows: liemove 
excess mercury in tissues fixed in Carnoy fluid by leaving pieces of 
material overnight in 85 per cent alcohol containing tincture of iodine 
(wine color); put small pieces of material containing sense organs in 
clear 85 per cent alcohol to wash out the iodine; put material in 95 
per cent alcohol containing eosin; place pink tissue in absolute alcohol 
and ether (half and half) containing eosin, for only a few minutes; 
put material in tiny vials containing thin celloidin and leave over¬ 
night; next morning put vials in melted parafiin in small beaker on 
hot plate, and allow ether to boil gently for a few minutes; remove 
vials from paraffin, take out pieces of material, one at a time, and be 
sure that each has considerable celloidin surrounding it; drop each 
piece in chloroform and leave it until celloidin has become firm; 
remove these pieces from chloroform, dry on blotting paper, trim 
celloidin, and put them in paraffin in Petri dish on hot plate for a few 
minutes; when all bubbles have left them, transfer to tiny paper cups 
in another Petri dish containing the best and hardest paraffin (58° or 
60 ° C., M. P.), and leave them thei’e for a few minutes. (Note.— 
Never allow paraffin to become more than a degree or two higher 
than its melting point, for excess heat makes the tissue brittle.) With 
a very sharp knife cut the ribbons 5 microns in thickness, and if 
paraffin fails to ribbon properly, warm the knife; mount ribbons, 
using a thick film of fresh Mayer^s albumen and flatten them by press¬ 
ing on them with fingers, but use no water or heat, for heat blisters 
celloidin; let slides dry on top of paraffin oven 48 hours; after that put 
them in 50 per cent alcohol and then in Ehrlich's or Dclafield's 
haematoxylin stain (well ripened) for three or four minutes; leave 
them in water one hour or longer, then run them up through, tl)e alco¬ 
hols (50, 70, 85, and 95 per cent plus eosin), leaving thorn in each five 
minutes; then put them in clear 95 per cent alcohol to wasli out the 
excess eosin; next in Gage's carbol-xylene (1 part carbolic acid to 3 
parts of xylene) for only a few seconds, for this liquid slowly dissolves 
paraffin; lay them flat on match sticks upon the table, then drop 
xylene upon the slides gently with a pipette; after paraffin has dis¬ 
solved, gently incline slides to allow xylene to run ofl‘ them, then add 
Canada balsam and cover glasses. 

Amateurs who try to follow these directions will doubtless have 
trouble, chiefly because experience and an understanding of the prin¬ 
ciples involved mean much more to a successful microscopic techni¬ 
cian than the mere ability to follow directions closely. For this rea¬ 
son the writer hesitates to give such a complicated method, knowing 
that someone will pronounce it of no value. ’ 

olfactory organs 

Since the sense organs of the adult or iinago weevils are the more 
numerous and diversified, they will be described first, and a discussion 
of the sense organs of the larvae will follow. 
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Owing to the belief that the sense of smell in boll weevils is the 
primary one which aids them in locating cotton plants, the writer 
has paid more attention to the olfactory organs than to the other 
sense organs. 

Disposition of Olfactoky Poees 

Hicks in 1857 (IS) first described the sense organs herein referred to 
as olfactory pores,” and suggested that they might serve as olfactory 
organs. Nagel (Jf.2) saw some of them on the mouth parts of Dytiscus 
marginalise and called them “Gruben ohne Kegel.” Hochreuther (15) 
found them on the same species, and called them ‘‘Kuppelformige 
Organe.” He saw a few on the epicranium; 11 on the scape and 
pedicel?; a few on the labrum; very few on the mandibles; 6 to 8 
on the maxilla; 14 to 16 on the labium; and 10 to 20 on the coxa, * 
trochanter, femur, and tibia. Lehr, in 1914 (22), described them 
on the wings and elytra of the same beetle. Before this date they 
had been seen in other insects, and were called '^organes sensitifs a 
ombelle” by Janet (20), and “sensilli campaniformi” by Berlese (7), 
Years ago the writer (28, 29, 30) studied them thoroughly in Hymen- 
optera and Coleoptera, called them olfactory pores, and determined 
to his own satisfaction that they serve as olfactory organs. 

Several years ago J. A. Nelson, of this bureau, began a thorough 
study of the morphology of the boll weevil, but resigned before he 
had accomplished much. However, he prepared a 3-page manuscript 
on the sense organs, which still remains unpublished. Most of his 
time he spent in studying the disposition of the olfactory pores, but 
he also noted the tactile hairs and hypodermal gland pores. He 
found the olfactory pores located in about the same positions as 
recorded by the present writer in the following pages, and he saw a 
few very minute pores, presumably olfactory ones, on the tibial 
spines. In this insect the present writer did not note these, but has 
described them in the tibial spines of many other beetles. Nelson 
says, in part; 

These pores are excessively minute, measuring 5-7 micra in diameter. Largely 
for this reason a study of their histological structure was found to be.impossible. 

* * * The most satisfactory sections were those of the pores at the bases of 

the antennae (of pupae). As far as could be determined, these correspond in 
structure to the so-called olfactory pores described by Meindoo, but the nature 
of the material makes it decidedly unfavorable for a study of the minute structures 
of these organs. It should be noted finally that in general the distribution and 
appearance of all of the sensory pores mentioned accord closely with the account 
given by MeIndoo (1915). * ' * * Since MeIndoo has brought sound experi¬ 

mental "evidence to show that the pores described by him are actually olfactory 
in function in a wide range of insects, including several representatives of the 
Coleoptera, it would seem reasonable to extend this view to cover Anthonomus, 

The elytra, wings, maxillae, and labium have dorsal and ventral 
surfaces; the siibmentum, only a ventral side; and for descriptive 
purposes, the antennae, legs, and mandibles may be divided into outer 
and inner surfaces. Since female No. 3 was studied most critically 
and all the drawings were made from this specimen, the disposition 
of its olfactory pores will be described in detail, and then will follow a 
discussion of the individual and sexual variations found in these 
organs in five females and five males. 

Group 1, consisting of 53 pores (fig. 1, A, B), lies on the dorsal 
surface of the elytron, being found on the radial plate (EP) between 
the muscle disk (MD) and the subcostal head (ScH), with its distal 
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or 



ui* broader end against the liasal margin (BM) ot tlie elytron, (iroups 
2 to 6 (C) lie on the wing, Nos. 2 to b liemg on the dorsal surface and 
No. 6 on the ventral surface; No. 2, of 25 pores, No. 3, of 30 pores, 
and No 4, of 104 pores, lie on the radius (R); No. 5, of 4 pores, on 
the first cubitus (iCu); and No. 6, of 26 pores, on the media (M). 

Groups 7 and 8 and isolated pores a, 6, and c are lound on the legs 
(fio-. 2); single pore a lies on either surface at the proximal end of the 
femur;'6 and c at the proximal end of the tibia, 6, consisting of two 
widely separated pores, lies on the outer surface, and c, of a single 
pore, on the inner surface. Nos. 7 and 8 lie, respectively, on the 
outer and inner surfaces of the trochanter; No. 7 on the front legs 
consists of 5 pores, but of 6 pores on the middle and hind legs; No. 8 
on the front and middle legs consists of 2 pores, but of 4 pores on the 
hind legs. 

Groups 9 to 11 and isolated pores d to % are found on the mouth 
parts (fig. 3); d, e, and/ (each of 1 pore), g (2 pores). No. 9 (4 pores), 

and No. 10 (5 slits) lie 
on the ventral surface 
of the maxilla, d being 
found on the stipes, e 
on the ])alpifer, No. 9 
on the first segment of 
the maxillary palpus,/ 
on the second segment, 
andr/ and No. 10 on the 
third or distal segment 
of the same palpus (fig. 
3, A and B). On the 
dorsal (partly lateral) 
surface of the maxilla 
are found the isolated 
pores Ihj i, and j; h (1 
pore) lies on the palpi- 
fer, % (1 pore) on the 
first segment of the maxillary palpus, and j (2 pores) on the third 
segment of the same palpus (C). On the submen turn lies Ic of 5 pores, 
and on the ventral surface of the labial palpus lie I and m, each of 1 pore, 
I being found on the first segment and m on the third segment (D). 
The dorsal surface of the labium is devoid of pores (E). No. 11 of 
4 pores and n of 2 pores lie on the outer surface of the mandible; the 
inner surface of the mandibles of this specimen bore neither pores 
nor hail's (F and G). 

On the head capsule lie 10 pairs of pores (fig. 4, A and B); 2 pairs 
(o) are found just behind the compound eye on the epicranium; 3 
other pairs {f) on the epicranium; 4 pairs (g) on the occiput; and 1 
pair (r) on the genae (B). 

At the base of one antenna lie 4 pores (C); 2 (s) being found on the 
outer surface and 2 (f) on the inner surface of the scape; but the 
other antenna of this specimen bears only 3 pores (A and B). 

In regard to the individual variations only a few remarks need be 
made because most of the minor differences observed may have been 
due to the writer^s inability to find the pores, particularly where the 
chitin was dark. As a rule, most of the groups of pores were fairly 


Fig. l.—Portions of ri^ht elytron and right wing of female holl weevil 
No. 3, showing location of Groups 1 to 6 of olfactory pores as indi¬ 
cated by the numbers 1 to 6 

A and B, peduncle of elytron, showing Group 1 on dorsal side, of 
radial plate (RP); andC, showing Groups 2 to 5 on dorsal surface, 
and Group 6 on ventral surface of wing. A, X 19; B, X 38; and C, 
X 28 

Abbreviations: A, anal vein; BM, basal margin; C, costal vein; 
IGu, first cubital vein; 2Cu, second cubital; M, media; MD, muscle 
disk; B, radius; Sc, subcostal vein; and ScH, subcostal head 
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constant in position, and varied only in the nunaber of pores they 
contained. Some of the minor groups were often absent, or some¬ 
times were united so that two were counted as one. No. 1 on the 
peduncle of the elytron was always present, and never had less than 
45 pores. The 5 groups on the wings were sometimes reduced to 4, 
but the total number of pores was thereby seldom decreased; No. 5 
ranged from 0 to 6 pores; No. 6 from 26 to 67; and in one instance 
No. 6 extended entirely to the fold in the wing. The disposition of 



Fig. 2.—Portions of legs of female boll weevil No. 3, showing location of Groups 7 and 8, and isolated olfac¬ 
tory pores a, 6, and c; tactile hairs (THn); A, front leg; B, middle leg; and C, hind leg. The drawings 
at the right represent the inner surface and those at the-left, the outer surface. All X 24 

the pores on the legs, mouth parts, and antennae was similar to that 
already described, and the omy striking difference found was in the 
total number of pores., Group 10 (fig. 3, B) on the third or distal 
segment of the maxillary palpus was always present and in each case 
seemed to consist of 5 slits. Only one male and one female were 
examined for pores on the head capsule (fig, 4, A and B), and no 
variations were noted; therefore probably all the head capsules bear 
these organs. 
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Relative to these pores, no sexual variations were found other 
th an what might be regarded as individual differences, except that 
the females alway;s had a gi-eater number of pores than the. males. 
Table 3 shows the individual and sepal variations in the total number 
of pores found. The pores varied in part as follows: Legs: Females, 
22 to 28; males, 19 to 25. Elytra: Females, 90 to 106; males, 90 



Pig, S.portions oi mouth paits of temalo boll woovll No. .3, showing liiontion of (Iroutw I) to 11 imil IsoliiM 
olfactory pora i to n; tactile hairs (THr); and gland poriw (PorOl). A, B, imd 0, maxilla; A, ventral 
mrface; C, dorsal-lateral surface; and B, dorsal surface of distal or third seniiieut of tuaxUlary palpUvS. 
u and E, ventral and doraal surface^ respectively, of labium. F un<l (1, outer and inner surfuct's, respec¬ 
tively, of mandible. A, G, D, and E, X 200; B, X 522; and 1? anti G, X 55 


represent the olfactory pores, while black dots represenl; the Kland pores, the lines through 
ttie latter showmg the direction in which their eiTcrent tubes extend. Ga, t^ardo; .1., lacinia; Mt, mentuni; 
Pa, palpifer; S, subgalea; SMt, submentum; and 8t, stipes 


to 96. Wings: Females, 376 to 413; males, 322 to 376. Total 
number: Females, 604 to 641; males, 527 to 576. Average: Females, 
624; males, 549. Thus the females have 13.7 per cent more pores 
thau have the males. It will also be noted that about two-thirds of 
the pores are borne by the wings, and nearly five-sixths by the wings 
and elytra combined. 
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Exteenal Structures op Olfactory Pores 

When examined under a low-power lens, the large olfactory pores 
may be easily mistaken for hah^ sockets from which the hairs have 
been removed; and the smaller ones may be mistaken for the pores 
of hypodermal glands, or vice versa. When they were more care- 



FiG. 4.—Head and its appendages of female boll wcevfl. No. 4, showing location of olfectory pores (o to t), 
tactile or innervated hairs (THri, THrs, THr 4 ), noninnervated hairs (Hr, Hrs, and _Hre), and gland por^ 
(PorGl). The disposition of olfactory pores is tolerably accurate but that of the hairs a:^ gland poras is 
only approximate. In A and B the olfactory pores are represented by dots, but in 0 by circles (the 
dotted ones lie on opposite side of scape). In A and B the gland pores are not ^own, but they are very 
numerous on the beak or snout, moderately numerous pn the antennae, rather scarce on the mouth 
parts, and few on the head capsule; in 0 they are approximately located by dots. A, dorsal view of head 
and inner surface of antenna, X 24; B, ventral view of head and outer surface of antenna, x 24; and C, 


outer surface of left antenna, X 60 


Abbreviations: B, beak [or snout; 01, club; E, compound eye; Ep, epicranium; F, funiculus; G,gena; 
O, occiput; Oc, ocellus; P, pedicel; and V, vertex 


fully observed under a high-power lens, it was usually not diflBcult to 
distinguish them from the hair sockets and gland pores. Both types 
of pores and hair sockets usually appear as small, round, bright spots 
when a strong transmitted light is used, but after a more careful 
study all three structm-es were found to differ widely. The hair 
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sockets generally appear the least bright; their walls are usually 
heavier and darker; and their pore apertures pe usually bounded 
by rough or tom chitin, thus showing the mutilation caused by re¬ 
moving the hairs. The gland pores (fig. 5, A and B) as a rule are 
much smaller than the olfactory pores (fig. 5, C to L); they are many 
times smaller than those on the legs; usually much smaller than 
those on the wings and antennae; but almost the same size as those 
on the elytra and mouth parts. It is often diflicult to distinguish a 
hair socket from an olfactory pore, but a gland pore is always easily 
recognized by its aperture (A, PorApGl) which, when one focuses 
downward on it, is observed to run V shaped from the pore wall 
(PorWGl) to the center or entirely across the pore. 

Table 3. —Disposition oj oljactory pores on adult cotton boll weevils 


Appendages ex¬ 
amined 

Females 

Males 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No.l 

No. 2 

No. 3 

No. 4 

No. 5 

Front legs... 

22 

25 

22 

22 

22 

23 

22 

20 

i 

22 

22 

Middle legs. 

24 

26 

24 

24 

24 

22 

19 

24 

24 

24 

Hind legs. 

27 

25 

28 

28 

28 

22 

25 

22 

22 

22 

Elytra. 

106 

92 

106 

90 

94 

90 

06 

90 

94 

91 

Wings. 

376 

413 

378 

411 

400 

322 

345 

, 370 

328 

340 

Mandibles. 

12 

8 

12^ 

8 

8 

6 

10 

4 

7 

8 

Antennae. 

7 

7 

7 

6 

7 

1 

6 

6 

6 

6 

Maxillae. 

23 

36 

36 

29 

36 

27 • 

23 

1 25 

20 

27 

Labium. 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Submentum. 

2 

5 

5 

4 

5 


5 

5 

5 

4 

Total. 

604 

641 

622 

626 

628 

527 i 

555 

576 

538 

548 



Average for females, 624 « 

j 


Average for mal 

les, 549 ® 



« These numbers should be increased to 644 and 569 to include the 20 pores found on the head capsule 
each of a female and male. 


The external structure of an olfactory pore consists of the aperture, 
wall, an,d border. The aperture (fig. 5, G, PorAp) may be round, 
oblor^, or sht shaped (H). The wall (C, PorW) may be round, 
oblong (E), eye shaped (G), or slit shaped (fig. 3, B, and fig. 5, H). 
The border (fig. 5, G, PorB) may be round or oblong, but it was not 
discernible in most cases; on the wmgs it was usually present and 
surrounded each pore wall, although on the elytra’t surrounded the 
entire group (fig. 5, E). 

Most of the olfactory pores are round or oblong (fig. 5, C to E), 
but a few are eye shaped (fig. 5, F and G), and a few others are sht 
shaped (fig. 3, B, md fig. 5, H). The round or oblong ones are found 
on the femora, tibiae, elytra, wings, mouth parts, head, and antennae; 
the eye-shaped ones, on the wings; and the slit-shaped ones, on the 
trochanters and third segments of the maxillary palpi. In external 
structure the slit-shapen ones resemble the slits in the lyrifoim organs 
described in spiders by the writer {27) and others. Not all of those 
on the trochanters are as slender as the one shown (fig. 5, H), but 
they vary from this shape to the extremely elongated type. 

Intebnal Structure op OupAcfoRY Pores 

In sections the olfactory pores are never mistaken for the gland 
por^ (%. 5, M to 0) because they are usually much larger, and, 
besides, the reservoirs (Re) of the gland pores stand out quite con- 
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spicuously in the chitin. From the reseryoir the efferent tube (Ef) 
leading to the exterior is also plainly seen, but the large gland cell 
(GIC) is not always easily distinguished from the hypodermal cells 
(HypC), although whenever it is discernible a portion of it runs 
into the pore canal (PorC) leading to the reservoir, and a clear area 
or ampulla (Am) in the gland cell hes just beneath the pore canal. 
These glands are almost like the young stages of those described in 
the squash beetle (Epilachna lorealis Fab.) by the writer (31). 

The olfactory pores (fig. 5, P to D') are more or less flask-shaped 
structures, and all really belong to one type, for as a rule their aper¬ 
tures open to the exterior on the same level as the surrounding chitin, 
and not into pits or at the tops of small domes as described by the 
writer (SO) for some other beetles. However, the one represented 
in Figure 5, P, approaches the pit-shaped type, and the one in Figure 



Fig. 5.—Cotton boll weevil: External structure of gland pores (A and B) and olfactory pores (0 to L). 
A, from submentum; B, from antenna; O, from tibia of middle leg; D, from femur of middle leg; E, 
Group 1 on peduncle of left elytron; F, portion of Group 4 on wing; G, 2 pores from distal end of Group 
4; H, one of slit-shaped pores on trochanter of hind leg; I, from first segment of maxillary palpus; 
J, from distal segment of labial palpus; K, from submentum; and L, from antenna. Internal structure 
of gland pores (M to 0) and olfactory pores (Pto B'). M and N, from antennae; M being from 
a section and N from a caustic-potash preparation, showing that the efferent tube (Ef) is chitinous. O, 
from ventral side of abdomen; P, from tibia; Q, from femur; R, from trochanter; S and T, from 
antennae, S being from a section and T from a caustic-potash preparation; U, from Grbup 4 on wing; 
V, from Group 6 on wing; W, from Group 2 on wing; X, from Group 1 on peduncle of elytron; Y, from 
head capsule (cut obliquely); Z, from mandible; A', from labial palpus; B\ from stipes of maxilla; 
O', from second segment of maxillary palpus; and D', cross-section of third or distal segment of max¬ 
illary palpus 

Abbreviations: PorAp, aperture of olfactory pore; PorApGl, aperture of gland pore; PorB, border of 
olfactory pore; PorW, wall of olfactory pore; and PorWGl, wall of gland pore. Am, ampulla; Con, 
chitinous cone; GIC, gland cell; HypC, hypodermal cell; PorC, pore canal; Re, reservoir; SC, sense 
cell; SF, sense fiber. All X 486 


5, V, the dome-shaped type. The chitinous cones (Con) were 
usually visible, but the sense cells (SC) were not always found. 
Owing to the difficulty of obtaining good sections and to the minute¬ 
ness of these organs, it was impossible to find one in which all the 
parts were present. Figure 5, P, shows the sense fiber (SF) piercing 
the cone, while Figure 5, R and S, and others show the pore aperture 
(PorAp). 

The third or distal segments of the maxillary palpi were repeatedly 
sectioned in order to arrive at an understanding of the internal 
structure of their five slit-shaped organs, but after all of these at¬ 
tempts it was not definitely learned how the sense fibers unite with 
the apertures. The difficulties encountered will be appreciated 
when it is understood that the diameter of this segment was the same 
25669—27- 2 
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as that of a hair from the writer’s wrist, and it was impossible to 
seeme good fixation of its tissues. The best cross section made is 
represented by Figure 5, D', which shows that the loiife passed 
through four of the five slits and that the aperture of one of these 
connects with the interior of the segment. It will bo noted that one 
of the dark-staining bodies, the sense fibers (SF), unites with this 
aperture. Most of the sense colls present in the maxillary palpus 
lie in the first segment (fig. 6, A), while the roniaindor wore seen in 
the second, but none was ever noticed in the third or distal segment. 
In the labial palpus (fig. 6, B) the sense cells are similarly located. 

Figure 6, C, shows the large nerve (N) passing through the wing to 
group 4 on the dorsal surface. Attention is called to the sense cells 
(SC), trachea (Tr), thick and rigid chitin on the dorsal surface, but 
thin and flexible chitin on the ventral side. Figure 6, D, shows 
group 2 and other internal structures in a cross section of the wing. 

Antennal Oegans 

It will be noted that the above heading falls under '^Olfactory 
organs.” The antennal structures are described in connection with 
the olfactory organs because it is commonly believed that the antennae 



Pig. 6,—Gotten boll weevil: Seinidiagrams, showing internal anatomy of maxillary palpus (A), labial 
palpus (B), and wings (0 and D). A to C, longitudinal section; and D, cross section, C imsses through 
Group 4, and D through Group 2 


Abbreviations: CO, chordotonal organ ?; Hyp, hypodermis; N, nerve; Tor, olfactory pore; Pori, slit¬ 
shaped olfactory pore; R, radius; SO, sense coll; Sc, subcosta; Tllr, tactile hair; and 'i'r, trachea. A, C, 
and D, X 296; B, X 494 

bear the organs of smell. The present writer, however, shows that 
the antennae do not hear organs suitable for this purpose, except 
the few olfactory pores at the base of each antenna. The antenna of 
the boll weevil is made up of three parts. The scape or scapus (fig. 
4, C) consists of the first segment; the funicle or funiculus (F), of the 
second to eighth segments, but the second segment is also called 
the pedicel or pedicdlus (P)and the club (Cl) consists of the ninth 
to twelfth segments. 

The external anatomy of all the structures on the antennae of 
five males and five females was critically studied. Only three types 
of organs were found: (1) The 3 or 4 olfactory pores (Table 3) on 
the base of each scape (fig. 4, C),- already described; (2) the gland 
pores, represented by dots widely distributed over the antenna; and 
p) numerous hairs of various sizes. For descriptive purposes, the 
hairs are numbered from 1 to 6; but for comparative purposes, Nos, 
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1 to 4 are called sense hairs and sense bristles (Table 4). They are 
only approximately represented in Figure 4, C, and Figure 8, and 
in Table 4. The smallest ones, Nos. 1 and 2 (THri and THr 2 , fig. 7, 
A and B), were found almost entirely on the scape and club;] the 
next in size, Nos. 3 and 4 (THrs THr 4 , fig. 7, B and C), on all the 
segments, but mostly on the club; and the largest ones. Nos. 5 and 
6 (Hrs andJHra, fig.''7, B and D), on the funicle and club. 

The internal anatomy (fig. 8; fig. 9, A-G) of these hairs''shows that 
all are innervated, except the largest ones. Nos. 5 and 6 (fig. 9, E 
and F). Numbers 2, 3, and 4 are most numerous, and those in the 
club seep to have a thread or extra fiber (fig. 9, C and D) running 
lengthwise in their sense cells from the base of the hair to the nudeus, 
or even beyond the nucleus. Figure 8 shows that the antenna is 
well supplied with nerves (N) and tracheae (Tr), but none of the 
innervated structures seems adapted to receive odor stimuli. 



Fig. 7 (cf. fig. 4, 0 and fig. 8).—Cotton boll weevil: External structure of hairs on antenna and on beak 
at base of antenna. A, base of left scape lying in the antennal groove (Gv), showing tactile hairs, gland 
pores, and olfactory pores (the dotted one on opposite side); and B to D, besides showing hairs, show the 
antennal markings and gland pores 

Abbreviations: Hrs and Hro, noninnervated hairs; For, olfactory pore; PorGl, gland pore; and THri to 
THr-j, tactile hairs. A, X 196; B to D, X 510 

No experiments were conducted to determine whether the antennae 
of boll weevils carry the olfactory organs, but the writer in the past 
10 years has tested many other insects having these appendages 
either cut off or otherwise mutilated. ^ Since he has been criticized for 
using strong-smelling substances, chiefly essential oils, in order to 
induce the mutilated insects to respond to odors, he decided to 
conduct some experiments in which only the natural food odors would 
be used. Accordingly, two sets of potato beetles, each set of 50 
individuals as usual, were tested in the insect ^^olfactometer(SB) 
by subjecting them to the odors from water extract, distillate, and 
emanations from living potato plants. The antennae were then cut 
off, and a few days later, when the insects had largely recovered from 
the operation, they were again tested daily witli the odors and 
emanations. In all, 10 experiments, including 40 individual tests, 
were conducted. In all of the experiments except one the beetles 
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responded attractively to the plant odors, although slightly less so 
than before they were mutilated. Judging from these results alone 
and not considering the fact that the beetles had not totally recovered 
from the operation, we should say that the antennae bear only a few 



Pig. 8 (cf. fig. 4, 0).~Cotton boll weevil: A schematic drawing of the ninth antennal segment 
with portions of the eighth and tenth, showing tho antennal structures in perspective and in 
section. Note the following: Gland pores (PorGl), noninnervated hairs (.llrs and Hre), 
innervated or sense hairs (THr 2 to THr4), none of which is suited for receiving olfactory 
stimuli. Bl, blood; GIC, gland cells; Hyp, hypodermis; N, nerve; SC, sense cell; and Tr, 
trachea 

of the olfactory organs, which is contrary to the general opinion held 
about the location of these organs. Nevertheless, Minnich (41)j 
who conducted many experiments with cabbage butterflies, partly 



Fig. 9.—Internal structure of hairs of cotton boll weevil: A to I), innervated hairs, and E to F, 
noninnervated hairs on antennae. A is from a section, and B from a caustic-potash prepara¬ 
tion, representing No. 1; 0 represents Nos. 2 and 3, and D, No. 4. Note the extra fiber in these 
tv?o l^t sense cells. These fibers were only occasionally seen, but were not expected, consid¬ 
ering the stain used, B represents No. 5, and F, No. 6. G, a cross section (scmidiagrammatic) 
^ passing through an olfactory pore (Port, a sense hair (THri), a noninnervated 

h^ (Hr), gtod poms (PorGl), and other structures; Bl, blood; Hyp, hypodermis; N, nerve; 
SC, sense cell; and Tr, trachea, H to N, tactUe hairs from other parts of the boll weevil: H, 
from beak; I, from mandible; J, from head capsule; K, from thorax; L, from wing; M, from 
abdomen; and N, from ovipositor. A to F and H to N, X 490; G, X 314 


supports the view of the present writer. He found that the amputa¬ 
tion of both antennae of these insects reduced the olfactory response 
58 per cent, and, accordingly, claims that the antennae do not 
constitute the sole olfactory area. 



Table 4. —Disposition of sense organs on head of adult cotton holl weevil 
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TACTILE ORGANS 

Besides the tactile hairs (Nos. 1 to 4) already described ou the 
autennae (fig. 9, A to G), innervated haii-s were also found elsewhere; 
particularly on the mouth parts, other aiipeudages, and oven widely 
distributed over the body. The only safe way to determine a sense 
hair is to find its nerve in sections, but this is a difficult and slow 
task, and one can hardly be expected to do this for every individual 
hair; so after a careful study of the internal anatomy of certain 
groups had been made, the others were judged merely from their 
external structure. The internal anatomy of only a part of those 
recorded in Tables 4 to 6 were studied in sections, but since other 
investigators have found tactile hairs similai-ly located in other 
beetles, the writer feels that most of those which he calls sense hairs 
are really innervated, although perhaps he has overlooked certain 
other ones. 

Disposition op Tactile Hairs 

Hochreuther (15) made a thorough study of the sense hairs on a 
water beetle (Dytiscus marginalis L.). On the basis of external 
structure, he separated them into five divisions, one of which will be 
discussed under another heading. Since the writer knows of no 
similar work pertaining to a weevil, he has used Hochreuther’s 
classification as a guide in the present investigation. 

Table 5. —Disposition of sense organ on thorax of adult cotton holl weevil 


Divisions of 
thorax and its 
appendages 

Sense hairs 

Sense bristles 

Sense 

pegs 

Pit 

pegs 

Olfactory pores 

Prothorax- __ __ 

None. 

Several on mar- 

None.. 

None.. 

None. 

Mesotborax. 

Numerous on an- 

gins of prono- 
tum and post- 
sternum. 

Same as for sense 

...do... 

...do... 

.do. 

Metathorax. 

lerior margins of 
episternum and 
mesosternum; 
on preseutum 
and scutellum. 

Several on ante- 

hairs. 

Several ou mota- 

...do... 

...do... 


First pair of legs.. 

rior margin of 
metatergum. 

Several on coxa; 

tergum, metu- 
pleurum, and 
metastornum. 
Several on coxa; 

...do.,.. 

...do... 

6 to 8 on tro- 

Second pair of legs. 

2 groups on tro¬ 
chanter; several 
at distal end of 
femur and on its 
teeth; few on 
tarsus. 

Several on coxa; 

2 groups on tro¬ 
chanter; remain¬ 
der, same as 
above, but hairs 
less numerous. 

Same as above.... 

several widely 
distributed on 
femur, tibia, and 
tarsus. 

Distribution same 

...do... 

...do... 

i chanter; 1 on 
femur; ;j on 
tarsus. 

(1 to f) on tro¬ 

Third pair of legs. 

as on first pair of 
legs, but less 
numerous. 

Same as on second 

...do... 

...do... 

chanter; 1 ou 
femur; 3 on 
tarsus, 

7 to 10 on tro¬ 

Elytra. 

None?. 

pair of legs. 

None_ _ 

...do... 

...do... 

chanter; 1 ou 
femur; 3 on 
tarsus. 

46 to 53 on each 
peduncle. 

322 to 413 on 
both wings. 

Wings. 

Few_ . 

Few_ - 

_do... 

...do... 







C hotel 0 - 
tonal 
organ 


In base? 
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Sense hairs Nos. 1 and 2 (Sinneshaare, or Sensilla tricho- 
dea). —Hochreuttier found these on the head capsule, antennae, all 
mouth parts, thorax, legs, abdomen, and sexual apparatus. The pres¬ 
ent writer found them on the head and all its appendages (Table 4), 
parts of thorax, legs, and wings (Table 5), and on certain parts of the 
abdomen (Table 6). 

Sense bristles, Nos. 3 and 4 (Sinnesborsten, or Sensilla 
chaetica).— Hochreuther foi^d these on the epicranium, antennae, 
labrum, maxillae, labium, epipharnyx, cervical sclerites, thorax, legs, 
and abdomen. The present writer found them on the head capsule, 
antennae, and probably on the following: Maxillae, labium, thorax, 
legs, wings, and abdomen (Tables 4 to 6). 


Table 6. —Disposition of sense organs on abdomen of adult cotton boll weevil 


Divisions 

Sense hairs 

Sense bristles 

Sense pegs 

Pit pegs 

Tergites.. 

Few on each. 

Few on each_ 

None__ 

None. 

‘ Do. 

1 

Many on ovipos¬ 
itor. 

Very numerous on 
body (or penis). 
None. 

Do. 

Pygidium, or last ter- 
gite. 

Female genitalia__ 

Few. 

Few__ 

Few.. 

None_ 

Several on palpus 
of ovipositor. 
None__ 

Few on palpus of 
ovipositor. 

None.-. 

Male genitalia_ 

None. 

Sternites __ _ 

Very numerous on 
last sternite; less 
numerous on 
other sternites. 

Few on each, near 
spiracle. 

Same as for sense 
hairs. 

None.. 

.do. 

.do. 

1 

s 





Sense pegs (Sinneszapfen, or Sensilla basiconica). —^Hoch- 
reuther found these on the head and all its appendages, thorax, legs, 
abdomen, and sexual apparatus. The present writer found probably 
a few on the head, maxillae, labium, and female genitalia. 

Pit pegs (Grubenkegel, or Sensilla coeloconica). —^Hoch- 
reuther found these on the antennae, all mouth parts, epipharynx, 
mesothorax, legs, and sexual apparatus. The present writer found 
two near the tip of the maxillary palpus, and many on the female and 
male genitalia. 

Structure of Tactile Hairs 

Vom Eath (47, 48) found sense cells connected with all the small 
hairs on the maxillary palpi of Goccinella seftempunctata, Melolontha 
vulgaris, and Tenebrio molitor, and also with all the small hairs on the 
labial palpi of the last species, in much the same manner as shown in 
Figure 6, A and B. Using Ehrlich's “Methylenblaumethod" and 
Golgi's ^'Chromsilberverfahren," Vom Eath traced the sense fibers 
of insects, myriapods, spiders, and crustaceans. In all the innervated 
hairs, whether short or long, and even in those at the tips of the 
maxillary and labial palpi, he saw a fine thread running lengthwise 
through each sense fiber to the tip of the hair, as shown in Figure 9, 
C and D, although the present writer was able to trace the sense 
fibers only to the base of the hair and never far into its cavity. 
Eelative to Vom Eath's work, Hilton {14, P* 566), who has reviewed 
the literature on this particular*subject, says: 

Earlier workers with methylen blue who studied simply the surface views 
represent nerves coming from the tips of the hairs; but it seems probable that 
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such figures are iu large part diagrammatic. Vom Rath found by the Golgi 
method cavities of sensory hairs filled with nerves; this result is regarded as an 
artifact by Duboscq, who shows clearly how appearances like nerves may be 
obtained in the cavity of hairs due to deposits of chromate of silver; and he shows 
quite clearly that when nothing but the nerve cell and fiber is impregnated the 
nerve fiber stops at the base of the hair, as was apparently the case in his methylen 
blue preparations. 

Figure 9, A to N, illustrates internal structure of hairs as seen by 
the writer, using Ehrlich’s haematoxylin stain with eosiii. 


THE SO-CALLED TASTE ORGANS 


Several writers, particularly Nagel ( 42 ), have described certain 
tiny peglike hairs on the mouth parts of insects as taste organs, but 
no one has ever demonstrated that they perform such a function. 
Hochreuther (15) found many “Tast- und Geschmackszapfchen ” 
on the maxillary and labial palpi of Dytiscus marginalis. Comstock 
(5j y, 132) briefly summarized the description of such hairs, and 
said: 

Many experiments have been made to determine the function of the various 
chemical sense-organs but the results are, as yet, far from conclusive. 

The present writer wishes to emphasize the fact that so far as he 
is aware no recent observer has found gland cells connected with 
these sense hairs, as claimed by Berlese (1), 

As shown for adult boll weevils in the preceding pages and for the 
larvae in the following pages, only two kinds of sense organs— 
olfactory pores and innervated hairs—were found on the mouth 
parts. Neither of these seems suitable to act as taste organs, and 
consequently the writer has come to the same conclusion concerning 
the boll weevil that he reached several years ago (32) in regard to 
the honeybee. In brief, he does not believe that insects have a true 
gustatory sense, but since in many cases they must first “taste” 
certain foods before they can discriminate between them, it seems 
that their reponses may be similar to ours when we are “tasting” 
the flavors of particular foods. Long ago physiologists determined 
that flavors to us are only smells, brought about by placing food in 
the mouth' and. then exhaling through the nose. 

Since it was impossible to demonstrate by experiment the function 
of the sense organs on the mouth parts, the writer argued that in 
view of the fact that bees do not have suitable gustatory organs they 
can not have a true gustatory sense. Snodgrass (54, 69-63) well 

summarizes the writer’s results, and adds the following pi'ecautionary 
remarks: 


Most entomologists, probably, will not be convinced by this form of reasoning 
ttiat insects do not taste, since it places too much reliance on a personal inter¬ 
pretation of the functional possibilities of an observed anatomical structure. It 
snows, howevyr, that the experimenter who claims a sense of taste for insects 
must demonstrate it with tests that will clearly avoid a confusion between taste 
and smell. 

THE SO-CALLED AUDITORY ORGANS 

Much has been written about the auditory sense of insects, but 
critics still contend that it has never been demonstrated beyond a 
doubt that any insect can really hear. Most students on insect 
beriavior believe that insects can hear, yet very few have produced 

belief. Ridl (46), after summarizing the 
results of several other mvestigators on. tins subject, says that certain 
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experiments have convinced him that insects have a crude auditory 
sense. He offers several reasons for this conviction, and concludes 
by saying that the auditory sense in insects is on a much lower plane 
of development than that of vertebrates. Its anatomical and 
physiological antecedents are to be found, not in the tactile organs 
and contact activities, but anatomically in sense organs which register 
muscle activities and physiologically in general sensation. That is, 
he believes that their sense of hearing is a highly refined muscular 
sense. Turner and Schwarz (56) and Turner (5S) have produced 
good experimental evidence to show that certain moths really hear, 
although the present writer is imaware of results equally convincing 
that beetles can hear; nevertheless, it is common for them to have 
stridulating devices and chordotond organs. 

The common belief that insects can hear is based on the three 
following facts: (1) Many have special sound-producing organs; (2) 
some have so-called auditory organs; and (3) many of the experimental 
results obtained indicate that insects can hear, although certainly 
not as we do. 

Since the writer could find no reference in literature to the ^^audi- 
tory^' organs in a weevil, he has used the two investigations of Lehr 
8S) as a guide for the work here reported. Lehr, who first 
studied the anatomy of the sense organs in the elytra and wings of 
Dytiscus marginalisj fomid a chordotonal organ at the base of the 
subcostal vein. It lies on the ventral side beneath a group of olfac¬ 
tory pores, is well developed, and has all the parts common to such an 
organ. In his second work (^S)^ Lehr pointed out two other so-called 
auditory organs in the pedicel or second antennal segment. The 
Johnston's organ is situated near the distal end of the segment; 
while the chordo tonal organ, lying by its side, arises nearer the proxi¬ 
mal end. Both of these organs run lengthwise in the segment and 
connect with the articular membrane between the second and third 
segments, but Lehr failed to see all their parts distinctly. Judging 
from his drawings, the Johnston's organ is the better developed. 
At this place in the antenna the interior is nearly filled with sense 
cells.- 

Johnston in 1855 (21) first pointed out a supposed auditoiy organ 
in the second antennal segment of the Culex mosquito. This struc¬ 
ture, later called after his name, was thoroughly investigated by 
Child (S), who saw it in all the insect orders examined, except the 
Orthoptera. He foimd it in Diptera, Hymenoptera, Coleoptera, 
Neuroptera, Pseudoneuroptera, and Homoptera. He also saw sense 
organs in the second antennal segments of Orthoptera, but decided 
that they were not Johnston's organs. These have since been 
described as olfactory pores by the present writer (36), who has also 
recently described the Johnston's organ in the honeybee (S7). He 
did not, however, see a chordoton’al organ in the same segment, as 
mentioned by Lehr and as here reported for the boll wee^. 

Externally, there are no signs of an auditory organ in the pedicel 
or second antennal segment (fi-g. 4, C) of the adult boll weevil, but 
sections through the distal end of this segment always show large 
masses of sense cells. After these, masses had been carefully studied 
imder the highest magnification, they were divided into two groups, 
based on size and structure; but, owing to their minuteness and per¬ 
haps to poor fixation and staining, it was not possible to distinguish 
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all the details ordiimily described lor the supposed auditory orgaus. 
Since these groups are similar iu positaoii andfsoiuewliat resemble 
those described by Lehr in Dytiscus, the writer lias cal ed one of 
them the Johnston’s organ (fig. 10, A, J) and the other the chordo- 
tonal organ (CO), although perhaps these names shoiild lie reversed, 
or possibly both groups belong to the same organ. 

Both o'roups of sense cells run nearly the lull length oi the segment. 
Near the distal end (fig. 10, A) they expand and occupy imist of the 
interior, but near- the proximal end (fig. 10, B) they arc much smaller 
and take up less space. One side of each group is always m contact 
with the hypodermis and seems fiimly anchored. The distal ends of 



Fig. 10.— The so-called auditory orgiins of the cotton boll v/eevil. A mid B, two-thirds diugrani- 
matic from oblique longitudinal sections of pedicel (P of iig. 4, 0), showing Joiinston’s organ (J) 
and the chordotonal organ (00), A, from distal ond of sogiiumt an<i B, from pro.\imal end. O 
andD, two of smallest cells from those organs, C iieing from Johnston’s organ and 1), from the 
chordotonal organ. X564 

Abbreviations: Ax, axial tube; Chi, primary euticula; Ch 2 , setMindary ciUltmla; N, nerv(^; Nne, 
nucleus; and Tr, trachea 

the sense cells are attached to the secondary euticula (fig. 10, A, Cha) 
of the articular membrane between the sociond and tliird segments. 
A nerve is always near the groups, and branches of it (N) can bo 
traced directly to the sense cells. 

The sense cells in the Johnston’s organ are usually smaller than 
those in the chordotonal organ, and seem to bo simple in structure 
(fig. 10, C), while each sense cell in the chordotonal organ apparently 
bears two additional structures—^the axial tube (fig. 10, D, Ax) 
and secondary nucleus (Nuc). This would seem to indicate that 
the chordotonal organ consists of the various parts common to this 
type of sense organ. 

As already stated. Lehr found a well-developed chordotonal organ 
in the base of the subcostal vein of Dytiscus. The present writer 
l^ewise found_ a chordlike structure (fig. 6, D, Oo) in identically 
the same place in the boll weevil, but no details could be distinguished. 
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Since it appears nearly structureless in the few sections showing 
its presence, we may infer that it is either a rudimentary organ or 
had not had time to develo]) fully when the weevils emerged. 

(5ral)or {10)^ after finding chordofconal organs in many of tlie insect 
orders, was convinced that the integument of insects, like the tym¬ 
panum of vctebrates, is well adapted to be set in vibration by sounds, 
and that the terminal nerve connections of these organs are the 
sound receptors. 

During the past 75 years, the stridulating or sound-producing 
organs of insects have been much discussed, but still we do not know 
whether the noises made by them are intentional or unintentional. 
Darwin (7) calls these organs sexual characters, but he has much 
difficulty in finding examples to prove that they are so. If all, 
our present information were carefully analyzed, however, with 
this object in view, we might be able to produce many good examples 
to support his belief. 

In regard to beetles Darwin (7, 310, 311, 312) says: 

Nevertheless, the power of stridulating is certainly a sexual character in some 
few Coleoptera. * * *. In the case of the Heliopathcs and Oryctes there 
can hardly be a doubt that the males stridulate in order to call or to excite the 
females; but with most beetles the stridulation apparently serves both sexes as 
a mutual call. Beetles stridulate \inder various emotions, in the same manner 
as birds use their voices for many purposes besides singing to their mates. The 
great Chiasognathus stridulates in anger or defiance; many species do the same 
from distress or fear, if held so that they can not escape; by striking the hollow 
stems of trees in the Canary Islands, Messrs. Wollaston and"^ Crotch were able to 
discover the presence of beetles belonging to the genus Acalles by their stridula¬ 
tion. Lastly, the male Ateuchus stridulates to encourage the female in her work, 
and from distress when she is removed. Some naturalists believe that beetles 
make this noise to frighten away their enemies; but I can not think that a quad¬ 
ruped or bird, able to devour a large beetle, would bo frightened by so slight a 
sound * * *. Finally, it is probable that the two sexes of many kinds of 
beetles were at first enabled to find each other by the slight shuffiing noise pro¬ 
duced by the rubbing together of the adjoining hard parts of their bodies; and 
that as those males or females which made the greatest noise succeeded best in 
finding partners, rugosities on various parts of their bodies were gradually de¬ 
veloped by means of sexual selection into true stridulating organs. 

So far as known to the writer, no one has reported stridulating 
organs in boll weevils, nor has anyone heard noises made by thowso 
insects, yet stridulating organs may bo present and the adults may 
make noises which have never attracted the attention of any observer. 
Darwin cites cases of other curculioiiids having stridulating organs 
with which they are able to make audible noises, and Westring {58) 
as early as 1847 reports finding those organs in certain curciilionids. 
In these weevils the rasps are located on the inferior surface of the 
elytra, near the apices, or along their outer margins, and the edges 
of the abdominal segments serve as the scrapers. This arrangement 
is the reverse of what usually occurs in other beetles. These weevils 
make a loud noise by rapidly rubbing the tips of the abdomen on 
the ends of the elytra. As already quoted by Darwin, Wollaston 
{59) called Acalles argillosus in the Canary Islands a musical cur- 
culionid, and another observer reports five other species of Acalles, 
one of which is very minute, as being musical in the Madeira Islands. 
All of these species have stridulating organs. 
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EYES AND LIGHT EXPERIMENTS 

The two compound eyes (fig. 4, A, E) of the adult boll weevil arc 
present; but, as reported by other writers, the ocelli are apparently 
absent. The faceted eye is small, though moderately convex. The 
number of facets in the eyes of one male and one female were counted; 
they ranged from 400 to 448, with an average of 433 per eye; and 
there was practically no sexual difference. According to Muller’s 
mosaic theory of sight in insects, which most entomologists have 
accepted, the larger and more convex the eyes the larger will be the 
visual field, and the smaller and more abundant the facets the sharper 
and more distinct will be the image. Using the preceding informa¬ 
tion as a basis for speculation, we may infer that the visual field of 
•the boll weevil is small and its image of objects is neither sharp nor 
istinct. From this statement we maji; also infer that the boll weevil 
probably can not, merely by sight, distinguish from a distance cotton 
plants from certain other plants, and furthermore that it may not be 
able by sight alone to distinguish the various parts of a cotton plant. 

Many sections of the eyes were made, but after a preliminary 
study of them no unusual structures were noted that would modify 
the generally accepted view of insect vision. If one may judge 
from the large amount of pigment present, the boll weevil has day 
eyes and not night eyes. The subject of day and night eyes is well 
summarized by Comstock {6, p. 1^2). 

A median ocellus (fig. 4, A, Oc) was finally found in the boll weevil 
after a diligent search under a high magnification. It is very small, 
extremely oblong, and hes nearly buried in a slit between the.com¬ 
pound eyes; but viewed from the inner side of caustic-potash prep¬ 
arations it appears much larger, and is nearly round. 

The only light experiments conducted by the writer were a few 
preliminary ones to verify the statement that the boll weevil is posi¬ 
tively phototropic to daylight. No artificial lights were tested; 
although it might be possible to attract weevils to lights closely 
imitating daylight. Ever since the advent of this insect to cultivated 
cotton fields, and even up to the present time, there has been a belief 
that it might be attracted to artificial lights and then killed. Hunter 
and Hinds (17, p. 160) and Hunter and Pierce {18, p. 154) assure us 
that there is no scientific foundation for this belief. Thousands of 
insects, including many weevils similar in appearance to the boll 
weevil, have been attracted to lights in cotton fields, but as yet no 
scientist has found a single cotton boll weevil among them. 

Hunter and Pierce (18, p. 48) report the i-esults of some prelimi¬ 
nary experiments conducted in 1907 to ascertain the color sense of 
boll weevils. Of the 14 shades and colors used, the 3 most attractive 
were light blue, dark green, and light pink, the light blue being most 
preferred. 

Lutz {S5,p. 265), discussing the color sense of insects, says; 

Hess inay be right in believing that insects are totally color blind. Probably 
iMsch is more nearly correct in saying that they can distinguish all of the colors 
except red and certain greens as colors, those two of our colors appearing to them 
as darker or lighter grays; in other words, that their color vision is similar to 
that of some partially color-blind humans.. 

Lutz determined that the flowers and occasionally other parts of 
certain plants emit ultra-violet rays, and that flower-visiting insects 
respond to ultra-violet light, but he did not use the cotton plant 
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and the boll weevil; although it is possible that the cotton plant 
emits these rays and perhaps the boll weevil responds to them. 
Lutz {25j p. 27Ij 278, 280), further states: 

It has been shown that, in addition to the colors which man can see, some 
flowers are ultra-violet, while others are not at all ultra-violet, and still others 
have an ultra-violet pattern. It has also been shown that flower-visiting insects 
can see ultra-violet as well as or even better than they can see the rays perceived 
as light by man. The effect of this work is to add one more color—and appar¬ 
ently an important one—^to the list of those which plants use in facilitating the 
visits of insects, if plants do use colors for such a purpose. 

All of the colors of the spectrum from red to ultra-violet, both included, are to 
be found in light reflected by one flower or another. Of these waves of light 
reflected by flowers, those of relatively great length, red to green, are more 
common than those of shorter lengtli, blue to ultra-violet. Flower-visiting 
insects do not see red to green as well as they do blue to ultra-violet. 

It is also shown that a wide range of flower-visiting insects are photopositive’ 
to ultra-violet. It appears as though they see ultra-violet better than they do 
colors that seem bright to us. Accordingly, ultra-violet becomes quite as 
important in discussions of the relation between floral colors and insects as any 
other color. 

OTHER SENSES 

Among the general sensations of insects might be mentioned those 
of temperature, humidity, direction, hunger, fear, pain, and statical 
conditions. Very little is known about these senses in insects in 
general, and practically nothing about them in the boll weevil. 

The sense of temperature in the boll weevil, judging from its 
reactions to different degrees of heat and cold, is probably well 
developed, but, as in other insects and even in ourselves, there are 
probably no special sense organs to receive thermal stimuli. The 
subhypodermal nerve plexus, if it is present in the adult weevil, 
could easily perform this function. Humidity, which is closely 
related to temperature, also has much to do with the behavior of 
this insect. 

Tn this connection might also be mentioned some of the ingenious 
but absurd mechanical devices which have been inyen ted. from time 
to time for the purpose of eradicating the boll weevil. Among these 
the most common are '4ight^' traps, one even being palled through 
the fields on wheels; another is planned to attract the*weevils by 
sounds; and still another would kill the weevils with a beam of high 
pitched inaudible sound waves of great intensity. 

One of the newest ideas about the means of communication among 
insects is wireless telegraphy. This suggestion seems to have been 
first made by Fabre {8, p. 194-199) to explain how male inoths 
find their mates from long distances, but his experiments convinced 
him that inoths do not communicate by this means; next he predicted 
that science would provide us with a radiography of odors, after the 
pattern of the Rontgen rays, although Ford {9) says that Fabre^s 
own results contradict this view. The next idea along this line was 
suggested by Riley {50, p, 38-41), who used the word telepathy to 
explain how insects communicate from long distances, but still he 
had no faith in this view. 

Now, since we are able to communicate among ourselves so readily 
by radio, this means has been suggested as possible for insects. 
The writer can find no authentic data on this subject, but in some 
newspaper reports which recently appeared it is stated that one 
authority claims that man and most other animals constantly emit 
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N rays or electric rays which are used in communication. He says 
in part: 

Look at the birds which fly at night, insects, blind fish at the l^ottom of the 
sea—all are irresistibly drawn to^vard their prey not so much bv sight or odor, 
but by the action of the radiations which direct them and to which they submit 
automatically. 

In regard to insects he imagines that these tiny “radio waves” are 
received by the antennae. Another rcpoi-t, this one' given out by 
Science Service, of Washington, D. C., says in part: 

An iTna.lH and plants while living give off rays similar to those oiiiittod by the 
metal radium, according to reports made to the Freucli Academy of Sciences 
by Albert Nodon. 

Mast (39) experimented with fireflies and concluded that smell 
"played no part in bringing the sexes together, but that the sexes 
communicate and are attracted to each other by means of their 
flashes of light. Singh and'Maulik (53) determined that the so-called 
“phosphorescence” of the fireflies would aflfect the photographic 
plate through wood, dark brown' leather, black paper, or flesh, and 
conclude: 

The light emitted by the insect cannot therefore be taken as phosphorescent. 
It may be, perhaps, premature to conclude that some of the rays emitted by the 
insects are X-rays, but it may be safely asserted that those rays arc, at least, 
similar to X-rays and ultra-violet light in so far as they render certain opaque 
media transparent and are intercepted by glass. 

Harvey {11, p. 61, 62) says: 

Although Muraoka (1896) and Singh and Maulik (1911) have described radia¬ 
tions coining from fireflies which would pass opaque objects and affect a photo¬ 
graphic plate, * * the existence of such radiation has been denied by 
Siichsland (1898), Schurig (1901), and Molisch (1904). 

There is, then, no specific emission of X rays or similar i)cnetrating radiation 
from luminous tissues which will affect the photographic plate through opaque 
screens. 

A letter from E. N. Harvey to the writer, dated June 7, 1925, 
contains his latest ideas on this subject, including the possibility that 
boll weevils might give oiEf rays which can be perceived by thoniselves 
but not by‘us. He states: 

I do not think there is any evidence that animals give oil X rays or any oi.hcr 
kind of peculiar radiation. Short ultra-violet radiation is very destructive fio 
living matter, so there is not much chance of wave lengtli shorter^than 8,000 A 
being emitted, but I see no reason why ultra-violet between 4,000 A and 8,000 A 
should not be produced. We do not know dcfinit(.^ly of a ca,se, so that the matter 
is merely speculation. 

RECOGNITION AMONG BOLL WEEVILS 

Hunter and Hinds (17, p, 76) found that the male boll weevil was 
unable to recognize the female at a much greater distance than an 
inch, and that the attraction is apparently effected by smclL Field 
observations, as well as laboratory ones, seemed to show that the 
sexes are attracted only when they meet, as they are likely to do either 
on the stems or squares of the plant. 

While watching female weevus both in the fi^d and in confinement, 
the "^ter observed that^jthey seemed to pay little attention to one 
another; but such is not usually the case where the opposite sex is 
concerned. The males in confinement usually do]^not lose an oppor¬ 
tunity to mate, and should no female be handy, a male may often bo 
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seen trying to copulate with another male. This behavior of either 
sex does not necessarily imply that the females do not know one an¬ 
other, or that the males can not distinguish the sexes, because we can 
cite many similar cases among other animals; for example, cows in 
heat or rut often try to copulate with one another. 

If boll weevils do not communicate with one another by telephathy, 
radio, or by any other type of radiation, as mentioned above, then 
there are left perhaps only three other means—sight, touch, and 
smell. At short distances the weevils may be able to distinguish 
many other insects and perhaps inanimate objects by sight alone, and 
when in contact may partially recognize one another by sight and 
touch; but if they are similar to other insects and the higher animals, 
smell probably plays a more important r61e in recognition than do the 
other senses. 

If boll weevils recognize one another by means of smell, then they 
must produce odors which can be smelled. Insects, as well as the 
higher animals, have glands connected with their sexual organs, and 
those in the boll weevil might serve for sexual recognition. 

The unicellular glands found widely distributed over the entire 
body surface are, in point of abundance, as follows: On the elytra 
(fig. 16, E, po) and antennae (fig. 4, C; fig. 8, PorGl), very numerous; 
on the beak or snout (fig. 7, A), numerous; on the wings (fig. 16, D, 
fo) and ventral side of the abdomen, fairly numerous; on the head 
capsule, mouth parts (fig. 3, A, C, D, andP), thorax, legs (fig. 16, C), 
and dorsal side of the abdomen, few. 

The external appearance of these glands is shown in Figure 5, A and 
B, and the internal anatomy in Figure 5, M, N, 0, and Figure 16, B 
and F. It will be noted that the gland cell (GIC) is much larger than 
the hypodermal cells (HypC) and that an ampulla (Am) is present. 
The secretion collects in the ampulla, passes through the cell wall 
into the pore canal (PorC), then into the reservoir (Re), and finally 
to the outside through the efferent tube (Ef). It was not possible to 
decide definitely whether this tube is open or closed at its inher end; 
theoretically, it should be closed, but in many cases it seemed to bo 
open. The drawings show it both ways. It is shaped like a finger 
or a tost tube, and its walls are so thin that it really does not matter 
whether it is closed or open, for in all probability the secretion can 
pass through its walls by osmosis. 

Several years ago the writer (/?S) <^ollGcted the literature pertaining 
to the scent glands or scent-producing organs in inse(‘-ts and classified 
them on the basis of their distribution. The simplest and commonest 
type found among beetles and a few other insects is composed of the 
unicellular glands widely distributed over the body surface. This 
type is well illustrated on pages 38 to 40 of the above paper, although 
it is not up to date. 

Parts of the body surface of live weevils appear shiny, but not wet, 
as is often observed in certain other beetles. Several years ago the 
writer {31) made a careful study of this question in the squash beetle 
{Epilachna lorealis). These beetles always appear wet, and the 
more they are irritated* the wetter they become. The secretion, 
which comes from numerous hypodermal glands widely distributed 
oyer the integument, is easily seen on the body surface. It has a 
bitter taste and emits an odor repugnant to us. 
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What is the function of this secretion? When it is repellent or 
distasteful to the insect’s enemies, we say that its primary function 
is for protection and its secondary fimction probably for recognition. 
Since the boll weevil does not have a wet body siirface, its hypodermal 
glands certainly do not secrete as copiously as do those in certain 
other beetles, and in all probability this secretion is not for pro¬ 
tection; in which case its primary function must be for recognition. 
A single boll weevil emits little or no odor noticeable to a person, 
but when several are confined in a small box or bottle, they emit 
a characteristic and rather pronounced odor. 

Scent glands of this type do not have reservoirs on the body sur¬ 
face to hold the secretion and so prevent it from evaporating too 
rapidly, but such structures are common in other types. Wherever 
these glands occur the secretion runs to the exterior and spreads in a 
film over the chitin and then constantly and perhaps quickly evapo¬ 
rates, giving off its own characteristic odor. However, on the elytra 
of boll weevils there are peculiar structures called punctures, which 
might serve as reservoirs for this secretion, provided it spreads suffi¬ 
ciently to reach them. On all parts of the surface (fig. 16, C to F, po), 
except on the wings, where these gland pores occur, they are asso¬ 
ciated with the hairs, one usually Tying at or near the base of each 
hair (C and E). On the dorsal surface of an elytron there are nu¬ 
merous club-shaped or protective hairs (j)-, numerous gland pores 
(po); and several longitudinal rows or striae of slit-shaped pits, the 
punctures {n). Each pimcture consists of an oblong, heavily pig¬ 
mented border (Z), a lengthwise slit (E and F, n), and a tiny hair 
(m), which lies flatly over and nearly closes the opening of the slit 
or puncture. The punctures on the right elytron of a male were 
counted. They lie in 10 rows, ranging from 25 to 39 per row, mak¬ 
ing a total of 319 for the elytron. What can he the function of these 
punctures? The writer does not know, unless they serve as reser¬ 
voirs for some secretion. The minute hair is always present in the 
same place, and could well servo as a door for these pits. 

. SENSE ORGANS OF LARVAE OF BOLL WEEVILS 

The larvae of boll weevils are white, delicate, and legless grubs, 
being well protected by the covering of the bolls or squares. Since 
they spend all their lives inside a dark house, well sun-ounded by food, 
the question may properly bo asked, “Do they need sense organs?” 
It is possible that they do not eat all parts oi the food surrounding 
them, in which case they must distinguish the edible from the non¬ 
edible by touch, taste, or smell; on the other hand, if they do eat all 
of the food surrounding them and have sense organs suitable for this 
purpose, then we conclude that these organs are useless and have only 
a phylogenetic significance. ■ 

OLFACTORY PORES 

The olfactory pores on five full-grown larvae were carefully studied. 
They were found practically constant in jjosition and number, and 
since those on larva No. 4 were most critically examined and then 
drawn, they will be described in detail. 

No groups of pores were found, but the isolated ones (fig. 11, A to 
F, a to z) were usually arranged in pairs; one pore being on the right 
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side and its mate on the left side of a median line. Ten pairs (a to j) 
lie on the head capsule, pore g of these being on the microscopic 
antennae; 3 or 4 pores (1c) on each mandible; 5 pairs (I to o) on the 
labium; 1 pair (p) on the men turn; 1 pair (g) on the submentum; 1 
pair (r) on the labrum; 1 pair (s) on the clypeus; 8 pores (t to y) on 
each maxilla; 2 pairs (s) on the second thoracic segment; and 4 pairs 
(hg. 12, B) on what appears to be the epipharynx. 

The external structure (fig. 12, A and B) and internal structure 
(fig. 12, D to H) of the pores on the larvae are like those already 



Fkj. 11.—Disposition of olfactory pores (a to z) and hairs on larva of boll weevil. A, dorsal view of 
head and first two thoracic segments; B, ventral view of head; C, outer surface of right mandible; 
D, ventral view of labium, inentum (Mt), and portion of submentum (SMt); E, dorsal view of 
labrum and clypous (Cl); and P, ventral view of maxilla. A and B, X fll; O, X 52; D to F, X 190 


described for the adult weevil. On the maxillary palpus (fig. 3, B) 
of the adult there are five slit-shaped pores, but on that of the larva 
there is only one (fig. 11, F, and fig. 12, A, so). 

OLFACTORY PORES OP OTHER LARVAE 

No one, except the writer, has apparently identified the olfactory 
pores as the Hicks' organs in any larva, although it is evident that 
they have been seen by various systematists, for Schi^dte (5jf, 187B-7S) 

25609 — 27—“ " ——' 3 
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fio-ured them ou the antennae and labial palpi of staphylinid larvae, 
on the legs of scarabaeid larvae {51,1874), on the maxillae of lucanid 
larvae, and on other coleopterous larvae. Bovmg {2) figured a few 
of them near the spiracles of a coccmellid larva, and C9tton {6) 
showed a very few on the mouth parts of different ciirculionid larvae. 
Nao-el {42) saw two of these pores on the maxillary palpus of a larva of 
a stonefly {Perla Ucaudata Panzer); very few on the antennae and 
lahrum of a lepidopterous larva {Antheraea pernyi Gu6r.), and a few 
widely distributed on the antennae, maxillae, and labium of a cole¬ 
opterous larva {Dytiscus tnarginalis). Nagel called them ‘^Grubon 
ohne Kegel” and made sections through them, but did not suggest a 
function for them, because ho failed to understand their internal 
anatomy. The present writer {35) made a careful study of these 
pores in 30 species of lepidopterous larvae, and detennined experi¬ 
mentally that these larvae respond to chemical stimuli, although no 
experiments were performed to determine the function of the pores. 



Fig. 12.--A to 0, external structure of olfactory pores and tactile liairs of larva of boll weevil. In A 
the olfactory pores are lettered a to 2 (with pores 6 , d, .A ft, 1,1, n, and r omitted), their position boinf? 
indicated in Figure 11, A to F; c, c, (?, and t, from head capsule; 0 , antenna with its pore; k, from 
mandible; m, from labial palpus; 0 , from ligula; p, from inontnni; </, from subnumtum; r, from 
labrum; $, from clypeus; t, from stipes; u, from palpifer; w mid Xt from palpus; from lacinia 
of maxijla; and z, from second thoracic segment. 11, olfactory pores (too near one anotlna*) from 
epipharynx? G, one of smallest tactile hairs (Tllri, llg. 11, A) on head. Internal anatomy of 
olfactory pores and innervated hairs of larva of boll weevil. j> to U, olfactory pores; D, from 
labrum: E, from mandible; F, from antenna; O, from maxillary pnlpus; and H, from labial palpus. 

I, innervated sense pegs around base of antenna. .T and K, from longitudinal .sections of maxillary 
palpus and labial palpus, respectively (mostly diagrammatic), .showing innervation of olfactory 
pores (For) and sense pegs (Thr). X 492 

The writer {34) carefully studied the morphology of the olfactory 
pores in the larvae of Cotinis nitida L. Two types of pores wore 
found, single and compound. The compound were observed only 
on the terminal segments of the long antennae. Recently the same 
type has been seen similarily located in the larvae of a May bootlo 
{Lachnostema sp.) and the Japanese beetle {Po 2 nUia japonica Newra.}, 
two other scarabaeids. The single organs (isolated pores) in Cotinis 
were found on the antennae, mouth parts, head, thorax, and legs. 
The average total number of pores counted in both types was 1,359. 
Many (bawings of the two types were prepared and published, but 
photomicrographs, not previously published, are here presented 
(fi.gs.il3-15)Jto convince the reader, that the sense fibers of these organs 
actually enter minute pores, called pore apertures. Of course the 
wntOT is well ^ aware that such a view is contrary to the accepted 
belieffconceming the presence of pores in the integument of insects; 
nevertheless he is thoroughly convinced that the ends of these nerves 
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come in contact with the external air. Just how they end in these 
pores can not be stated, because they are so small and indistinct that 
no definite details can be discerned. In the best sections there does 
not appear to be any membrane, however thin, between the end of 
the sense fiber and the outside air, although it must bo granted that 
the tip of this fiber is covered by its own cell wall. A careful study of 
these photomicrographs will show how the two types of pores appear 
under a high magnification, but particular attention is directed to 
Figure 13. ^ C shows the complete innervation of an olfactory pore. 
B is a section of an olfactory pore obtained by using an ordinary 
photographic plate. Attention is called to the sense fiber (c) which 
passes through the chitinoiis cone, and stops at A, a. A is a section 
of the same olfactory pore, obtained by using a photographic plate 
sensitive to yellow. Attention is here called to the pore aperture 
(p) or pit passing from the exterior to the point u, where the sense 
fiber (c) enters the pit. 

OLFACTORY ORGANS IN MAN AND THE HIGHER ANIMALS 

Reference to recent textbooks such, for example, as HowelPs 
“Physiology'^ (16) and PiorsoPs “Human Anatomy" (4S) will 
quickly show the reader that the protoplasmic cilia of the olfactory 
cells in man and the higher animals also come in contact with the 
outside air. Except in this type of olfactory organ, the microscopic 
sense cilia are constantly covered with mucus, and ii\ order to pro¬ 
duce a sensation of smell the odoriferous particles are first dissolved 
in this mucus. It is generally believed by the layman that these 
cilia and their cells are covered by a thin and moist membrane 
through which the odoriferous air must pass; but the authorities 
on this subject tell us that wherever the olfactory cells occur in the 
nasal passages, the epithelium consists of two chief constituents— 
supporting cells and olfactory cells. The olfactory cells project 
slightly beyond the general level of the epithelium and each bears 
six to eight minute stiff cilia, often called olfactory hairs. Mucous 
glands, lying just beneath the outer or olfactory layer, are very 
numerous; their orifices are barely distinguishable by tm unaided 
eye; and they keep the outer surface of the membrane well covered 
with mucus all the time. 

The end of each sense fiber in the olfactory pores of insects might 
be compared to a cilium on an olfactory cell of man. Sinc^-e the 
sense cells in insects are modified hypodermal cells, they may still 
retain a small part of their original secretory use, in which case they 
would be able to keep the tip ends of their sense fibers sufficiently 
moist so that the odoriferous particles touching them would bo 
dissolved. If this condition exists, then the olfactory apparatus in 
insects and the higher animals is very similar in structure, and cer¬ 
tainly must be so in function. 

TACTILE HAIRS 

Since the hairs on the larvae of the boll weevil are comparatively 
scarce and widely scattered, they were not easily found in sections; 
consequently many of those called sense hairs and sense bristles in 
Table 7 have been thus classified merely from their external structure; 
although the innervation of those at the tips of the maxillary and 
labial palpi (fig. 11, D, F, and fig. 12, J, TH;r, and K), and at the base 
of the antennae (fig, 12, I) has been thoroughly studied. 
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olfactory pores in antenna of larva of Cotink nitida. A, 
section of olfactory pore obtained by using a photographic plate sensitive to yellow. Attention 
aperture (p) or pit passing from the exterior to tho point a, which is the 
Srt+c&l 9 membrane separates tho end of this fiber from tho 

OUtSlCte air. S. section of n1fa.ntni*\r rvnfa’ nKfaina/l .‘.o.'v.rr 



opii^ anJf n showiug Complete innervation of another olfactory pore (P); f, sense 

if^<^dar^StMa°^X^ 1^50 olfactory pore; e, hypodormis; h, primary cutioufa; and 
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FiCx. H.— Photomicrographs from sections through tips of antonnao of Cotinis nitida, showing 
internal anatomy of compound olfactory organs, including e, hypodormis; f, groups of sense cells; 
ff, branches of nerve; j, plate over sense cells; p, pore through plate; and P, a single olfactory pore. 
A, cross section, and B, portion of longitudinal section 
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Hilton (14)j who used the section method for tracing nerves to 
hairs and also the method of injecting methylene blue just beneath 
the integiiinent of live larvae, mostly Lepidoptera, summarizes his 
results as follows: 

Lcpidopterous larvae arc clothed with hollow hairs, each of which is supplied 
by a bipolar uerve cell, a process of which penetrates a short distance into the 
hair and probably terininatcs before reaching the tip. In most species all body 
hairs arc sensory; large hairs are supplied by largo bipolar nerve cells, and small 
ones by smaller bii)olar cells. Under the hypodermis of caterpillars there is 
a system of multipolar cells more or less intimately connected with nerve cells 
and fibers which stain lighter than the larger nerves and are closer to the hypo¬ 
dermis than the other cells and fibers. Nerves from bipolar sensory nerve 
cells go to the central nervous system, run to the ganglia, leaving at once to 
follow on the outside of the connectives cephalad, forming a well-marked sensory 
tract. • Motor nerves—those that go to muscles—seem to come directly from 
the central cell areas of the ganglia. Almost the only sensory termination of 
nerves on the body of insects is by moans of hairs. 

Hilton furthermore states: 

In the larvae of May beetles the hairs of the body surface are supplied with 
bipolar nerve cells. 

In the mind of the present writer it is very questionable whether 
all the hairs on any larva are actually sensor^r. 

Zawarzin (60) used a similar method of injecting methylene blue 
into live larvae of three species of Aeschna, and he also used the section 
method for studying the chitinous apparatus of the sense organs. 
Very often he had no success with the methylene-blue method, 
but after much experience he was able to trace nerves to the body 
hairs. 

The present writer, using live larvae of the boll weevil, tried the 
injection method used by Zawarzin, but had no success in the few 
preliminary tests conducted, and did not make further attempts 
because of the lack of live larvae at the time. 

Table 7. —Disposition of sense organs on larva of cotton holt weevil 


Divisions 

Sense hairs 

Sense bristles 

Sense 

pegs 

Olfactory pores 

Eyes 

Ucud capsnhL-- 
Antoniiu_ 

Several___ 

Several ?. 

None.,-- 

IH.. 

Vostifpal oc(dU. 

None.. 

None . 

7-,. 

J at base.,. 

Muiuiibic.. 

_,do.. 

2 ?.. 

NoruL—. 

:ior4.. — 


Labium. -. 


2. 

Several— 

3 on palpus, 4 on 
ligiila. 

2.. 


Montum. 

... 

None,,._ 

None.—. 

Noikl,— 


Submontum---- 

.do.. . .. 

.do.. 

—do— 

2 ... 


Labrum. 

Clypous.. 

Maxilla,.. 

2-..,..i 

2...: 

4.. 

Several .- 

10 

None,,,. 
Several., 

2... 

2_- _ 

,l on stipes, 2 on 
palpifer, 1 on la- 
cinla, 4 on pal¬ 
pus. 

4 on second seg¬ 
ment. 

8—.. 


Thorax. 

Few on second 

Several on secjond 

Nono..-- 


Epipharyux 

segment, proba¬ 
bly few on other 
segments. 

None—_ 

segment, pBoba- 
ably several on 
other segments. 
None—_—- 

Few. 








.OTHER SENSE ORGANS 

Besides the olfactory pores and tactile hairs (fig. 11) already 
described, we should hardly expect to find other sense organs in the 
larva of the cotton boll weevil; but vestigial ocelli, nevertheless, 
were found in sections through the head near the antennae. Sphere- 
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shaped masses of dark-browii granules, the rudiments-of the internal 
anatomy of these eyes, were present, hut no convex cornea was 
visible; however, the chi tin above these granular masses was thin 
and unpigmented, and thus this rudimentary eye might be able to 
distinguish light from darkness. 



Fig. 16.—lEtomal and external structure of body wall of boll wcovil: All llgunjs aro mostly (Ua- 
grammatic. A, section from tibia; B, section from trochantor; 0. siiporflcial view from trochanter 
of front leg, showing Group 7 of olfactory pores; I), superficial view from whig, showing portions 
of media (JO, radius (i2), and six pores of Group 0; E, superficial view from elytron; and F, sec¬ 
tion passing crosswise through elytral puncture {n) 
a, Primary, and 6, secondary cuticula; c, hypodermis; d, chitinous cone; r, sense cell; /, tac¬ 
tile hair (No. 1); g, gland cell; h, noninnorvated hair on log; i, prickle or noninnorvatoil psuedo- 
hair on wing; j, large club-shaped, noninnorvated hair on elytron; k, hair socket or alveolus; I, 
border of puncture; m, noninnervated hair lying over opening (n) of elytral puncture; o,trichogcu 
cell forming club-shaped hair (j); p, olfactory pore; and po, pore of gland. A and B, X 714; C to 
F, X 271 

No attempt was made to fiad chordotonal organs in the larva. 
They may be present, for Comstock (5, p. I 48 ) says: 

Chordotonal organs have been observed in so many larvae that we may infer 
that they are commonly present in larvae. These organs are very simple com¬ 
pared with those of certain adult insects. • 

Credit is due Schi0dte {SI, 1869) for describing and figuring chor¬ 
dotonal organs for the first tixhe. He found them on the thoracic 
segments of buprestid larvae. Graber {10) described chordotonal 
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organs in the larvae of Dytiscus, and Hess (12) has given us a good 
description of them in cerambycid larvae. In 1874 Schi^dte (51 jp. 
88) gave an account of the stridulating organs in the larvae of certain 
Scarabaeidae and Lucanidae. 

Larvae, like adult insects, certainly have general senses, but 
nothing definite is known about them. The subhypoderinal nerve 
plexus, described by Hilton (14) and several earlier writers, may 
serve as receptors for temperature and humidity. 

HOW PLANTS ATTRACT INSECTS BY SMELL 

It was assumed in the introduction that cotton plants emit odors 
which attract boll weevils, but so far no proof in support of this 
assumption has been given. Although the writer has not been in a 
position to work extensively with boll weevils and cotton plants, he 
has nevertheless carried on the same line of work using other insects 
and their host plants. Only a very brief summary of the results of 
these experiments can be given here. 

As flowers are generally more or less fragrant, so the foliage of 
most plants also emits odors. These odors are usually weak, judged 
by the human olfactory sense, but to the insect which feeds upon the 
foliage such may not be the case. Of course, it was impossible to 
test the response of the insect to the odor of its host plant in the field, 
because the interfering factors could not be controlled. Consequently 
it was necessaiy to develop a special apparatus to bo used in the 
laboratory. A full description of this apparatus, called an insect 
^‘olfactometer” and already mentioned under “olfactory experi¬ 
ments,” is now in print (38), 

The name “olfactometer” means an olfactory measuring apparatus. 
The one devised has been used to measure or record the responses 
of insects to attractants and repellents. Briefly stated, it consists 
of a specially constructed Y-tube, through which insects pass from 
a dark chamber, being attracted by a light suspended near the free 
ends of the forks of this tube. The dark chamber is attached to the 
base of the Y-tube, and a suction apparatus to draw odors through 
the forks is attached at the point where the base and forks unite. 
The insects are attracted equally toward the entrances of the forks 
by the light stimulus, but when ready to enter these forks they are 
influenced linequally by the odors drawn through the forks, one fork 
serving as an attractant or repellent side, and the other fork as the 
control side. 

The whole apparatus is so constructed and manipulated that the 
intcrfoiing factors are practically controlled, leaving only the ol¬ 
factory responses to be recorded. 

Only the results obtained with the Colorado potato beetle (Leptino-- 
tarsa decemlineata Say) will be giy^n. here to show that plants attract 
insects by the odors which they emit.* A small potted potato plant 
was placed in a special chamber of the olfactometer, and a gentle 
current of air was drawn over it into one fork of the Y-tube by means 
of the suction apparatus. This supposedly scented air could not be 
smelled by the writer, but the potato beetles responded to it readily. 
This experiment on various dates and xmder different conditions was 
repeated 24 times, 4 individual tests being considered as one experi¬ 
ment. Bach of these 25 experiments plainly showed that the beetles 
had responded to the odors or emanations from the living potato 
plants. On an average, 62.7 per cent of them went toward these 
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odors, while the other 37.3 per cent went (perhaps accidentally) into 
the control fork. The highest percentage obtained was 76.7 toward 
the plant odors. Potato beetles, when potato plants are scarce or 
entirely wanting, feed on the horse nettle, jiinson weed, and tomato 
plant. Experiments similar to the above were conducted in which 
these plants were used, but as a rule the beetles did not seem to like 
the odors from these three species. They often failed to respond, and 
not once did their response give a high percentage of attractiveness. 

Eighty experiments were conducted, using the water extracts 
(diluted juices) and steam distillates of the potato tuber and foliage 
of the following plants: Potato, jimson weed, horse nettle, tomato, 
and henbane. In these experiments air was bubbled through the 
liquids and then drawn into one fork of the Y-tube. In the other or 
control fork air was bubbled through distilled water. To the odors 
from the water extracts of potato tubers and potato foliage the beetles 
always responded, except once, but not as strongly as to the odors 
from the living potato plants. To the odors from the extracts of the 
other plants mentioned the beetles usually responded, and more 
strongly than they had to the odors from the living plants of the 
same species. To the odors from the steam distillates the beetles 
generally responded, although many times repellently. The odors 
from the jimson weed distillate remained repellent throughout the 
tests; the odors from the other distillates were usually repellent for 
some time, but later became attractive. The odors from the dis¬ 
tillates of the potato tuber, horse neetle, and tomato were only 
slightly attractive, but those from the potato foliage and henbane 
were usually strongly attractive. It seems that the steam removed 
something from these plants which was repellent to the beetles for 
a time, but later, when this apparently repellent substance had been 
either changed or volatilized by bubbling air through the liquids, the 
odors became attractive. When the odors from all these distillates, 
except from jimson weed, had become attractive to the insects, the 
liquids gave off a common odor, judged by the nose of the writer. 
This odor closely resembled that from boiling potatoes or from the 
juice of freshly cut potatoes, and might be called a potato odor. 
Since all of these plants belong to the potato family (Solanacoac)? if 
would be interesting to know whether they possess a partlcuhir con¬ 
stituent or constituents which emit a common odor, as indicated by 
the above experiments. 

Assuming that the cotton plant emits some volatile and odorous 
substance which attracts boll weevils from a cionsidorablc distance, 
Power and Chesnut (4«4> 45), of the Bureau of Chemistry, undertook 
to isolate this substance. Among the 12 individual substances found 
by them in the concentrated distillate, which included all the odorous 
and volatile constituents in the cotton plant, 3 are of particular 
interest for chemotropic tests.' These are the so-called essential oil 
and 2 basic substances, ammonia and trimethylamine. The per¬ 
centage of oil isolated, is so very small that these writers believe it 
can not have any significance in attracting boll weevils, and, further¬ 
more, despite the fact that more ammonia was found than trimethyl- 
amiue, they conclude that if the cotton plant really possessess an 
attractive odorous constituent, it is in all probability the trimothyl- 
ai]^e. If so, the difficult task for the entomologist is to use the 
substance properly. Of all substances having powerful and persist¬ 
ent odors, trimethylamine is certainly one of them, as illustrated by 
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the following. Before using a small bottlefiil of this material, pre¬ 
pared by Power and Chesnut, the writer kept it well stoppered for a 
few days in a drawer with a small dictionary and some stationery. 
Both became permeated with the odor, and for weeks afterwards 
smelled strongly of it. The dictionary still emits a faint odor after 
a period of two years. 

The writer tested the sample of trimethyl amine mentioned above in 
only a preliminary way, using a comparatively few old weevils which 
had come to the cotton plants from their hibernating places, and the 
most that he can say in its favor is that it seemed to attract the weevils 
slightly under certain conditions. 

The writer entertains a serious doubt whether it is possible to re¬ 
produce accurately the odor or odors which emanate from a plant 
merely by using the constituents derived from the plant by chemical 
means. It seems that the most that may be hoped for is an imitation 
closely resembling the plant odor and even with this it may be difficult 
and sometimes impossible to deceive the insects. This whole sub¬ 
ject is closely related and perhaps analagous to the making of per¬ 
fumes for the use of the human species. Expert perfumers admit that, 
after all their long experience in tidying to reproduce exactly the odors 
found in living flowers, the best they have been able to do so far is to 
imitate closely tlie natural odors. In many cases the layman can 
not tell these artifk‘j.al odors from the natural ones, but the expert 
perfume tester can readily distinguish them. Insects, wliich evi¬ 
dently have a keener sense of smell than human beings, should bo 
able to distinguisli those differences even more I'eadily, 

To find a substance, preferably a sweet one, which would attract 
boll weevils equally as well as do cotton squares (flower buds), 
many experiments were conducted in the laboratory and cotton 
field, using saccharine, sugar, ice-cream powder, a sweetened pro¬ 
prietary calcium arsenate, honey, and three brands of molasses 
(karo, Ivoo-koo, and blackstrap). The honey and ice-ci’eain powder 
seemed to attract the weevils slightly, but there was no iiidication 
that any of these eight substances c.an bo of practical importance 
in tiie control of these insects. Similar results have been obtained 
by other writer's who hav(^ tried to attract boll weevils by the use of 
sweetened baits. 

SUMMARY OP SENSES OF COTTON BOLL WEEVIL 

Since the sense of smell in boll weevils is believed to be the pri¬ 
mary one whi<‘.h aids them in kxuiting cotton plants, the two kinds 
of so-called oIfa(*tory orgatis have been tlioroughly studied and 
described. The organs, called olfactory pores by the writer, are 
common to both the adult and larva; but the other so-called olfac¬ 
tory organs, which are nothing more than ordinary innorvated hairs, 
arc common only to the antennae of the adult, although similar 
innervated hairs arc also found on other parts of both adult and 
larva. In the adult the olfactory pores wore found on the head 
capsules, legs, elytra, wings, mouth parts, and at the base of the 
antennae; in the larva, on the head capsxde, base of antennae, mouth 
parts, clypeus, and second thoracic segment. The individual and 
sexual variations found in the pores of each of five males and five 
females wore small, although the females have 13.7 per cent more 
pores than have the males. The anatomy of these pores is like that 
desexibod for many other beetles by the writer (SO), except that some 
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of them are slit shaped, closely resembling those iii spiders. These 
are found on the raa.^llary palpi of both adult and larva and on 
the legs of the adult. 

The antennae of boll weevils have four types of sense organs, as 
follows: Many innervated hairs, chiefly on the club; three or four 
olfactory pores at the base of each antenna; and two so-called audi¬ 
tory organs in the second segment. Not one of these organs, e.\'ocpt 
the olfactory pores (fig. 13), is suited anatomically to receive olfac¬ 
tory stimuli. The hairs are all long, thick-walled throughout their 
full length, and consequently odors can not pass through them. 
The so-called auditory organs are totally internal, having no outside 
connections whatever, so that they certainly can not receive olfactory 
stimuli. 

Innervated hairs were found widely distributed over the surface of 
the boll weevil, being present on the head capsule, antennae, mouth 
parts, thorax, legs, wings, abdomen, and genitalia. According to 
their structure they seem to be fitted only for tactile organs, and, 
judging from then- number and distribution, the sense of touch 
must be highly developed. When the insect is once upon its proper 
food and ready to deposit eggs, the tactile sense may be more im¬ 
portant than the olfactory sense. The nunrorous sensitive hairs on 
the antennae, mouth parts, ovipositor, penis, and elsewhere must 
certainly render great aid in the various activities of the boll weevil. 

No organs were found which can really be (tailed taste organs, 
although sonie of the smaller innervated hairs on the mouth parts of 
both adult and larva would be designated taste orgatrs by certain 
writers. The present writer beheves that the Mnsos of smell and 
taste in insects are inseparable, but since insects in many cases must 
first “taste” certain foods before they can discriminate between 
them, this combined sense may be comparable to oui's when wo smell 
flavors. 

Three so-called auditory organs were found—two iir the pedicel 
or second antennal segment and one in the base of each wing. We 
know nothing about the function of these organs, arrd, indeed, it is 
difficult to imagine what their offices might bo, unless they receive 
some kinds of waves which we can not detect, su<ih as soiiie of the 
maudible sound waves, or even radio waves; but the writer lias been 
informed that radio waves can not bo considered in this connection. 

Judging from the structure of the compound eyes, the visual field 
of the boll weevil is small and its imago of objects is ireither sharp 
nor distinct, indicating that it can not by sight alone distinguish 
from a dstance cotton plants from certain other plants, or in all 
probability even the various parts of a cotton plant when it is near 
them. 

As a corollary to the sense organs, the scent-producing organs, 
sometimes called scent glands dr recognition glands, wore also studied. 
These are minute, unicellular, hypodermal glands, and are widely 
distributed over the surface of the insect. Their secretion comes to 
the surface, spreads out over the integument, and, besides keeping 
the body moist, is also supposed to give off an odor which probably 
serves as a recognition odor among.the beetles themselves. 

The reader wfil have noted that the olfactory sense has been greatly 
empha^ed, perhaps too much, but in the present state of our 
knowledge there seems to be no other tangible sense or senses which 
serve quite so well to explain how boll weevils find cotton plants from 
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a distance. When they have once found their food or a place to 
deposit eggs, we can easily think of two or more senses being employed, 
in their activities thereafter, touch, smell, and “ tasteparticularly 
being used during feeding and egg laying, as has recently been pointed 
out hj Eichardson {49) ^ who reviewed the literature pertaining to 
the oviposition response of insects. 
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EFFORTS TO DETERMINE THE MEANS BY WHICH THE 
COTTON-WILT FUNGUS, FUSARIUM VASINFECTUM, 
INDUCES WILTING^ 

By H. R, Roskn 

Dcparinient of Plant Pathology^ Arkansas Agricultural Experiment Station 

HISTORICAL REVIEW 

In 1899 Smith suggested that the wilting of cotton, cowpea, 
and watermelon plants, which were infected with closely related fungi 
of the genus Fusarium, was due to a mechanical plugging up of the 
vascular system. He was able to find considerable mycelium within 
the water-conducting tubes, and assumed that the amount present was 
sufficient to act as an obstruction to the passage of liquid upwards, thus 
causing the condition known as ^‘wilt.’’ His explanation has for 
many years been the one commonly accepted by writers of various 
well-known texts, as well as by authors of special bulletins dealing 
with cotton wilt, including Duggar (7), Stevens {26), and Orton 
{ 20 , 21 , 22 ). 

As this theory has within recent years been questioned in a number 
of comparable diseases caused by species of Fusarium, such as those 
causing potato wilt {3; 5, p, 270; 11; 12) and tomato wilt {9, 
‘p, 75), as well as wilts induced by other fungi and bacteria {2, 8, 23), 
it seemed desirable to ascertain the mode of action of F. vasinfectum 
in its method of inducing cotton plants to wilt. It appeared especially 
worth while to undertake su(‘h a study, in view of the lack of wilting 
noticed in certain infested fields at times, which in other seasons 
showed a high wilt percentage. Was this explainable on the basis of 
difference in environmental conditions, such as soil or air tempera¬ 
tures, soil moisture, etc,, or was it to be regarded as a difference in 
the degree of plugging U]) of the vascidar systems resulting from a 
difference in the amount of growth of the fungus? If wilting is 
simply a response to a mechanical obstruction, then it is quite con- 
(uuvable tliat any (‘.ondition which woxild favor the growth, of the 
fungus, irrespective of its effect on the host, should make for a wilting 
of the ])lant; and, on the other hand, any condition whicdi would be 
unfavorable to the growth of the fungus should make for wilt-frco 
plants. 

One of the ficvst to experiment on the factors involved in the wilting 
of a plant attacked by a microorganism was Hutchin>son {14) of India. 
In 1913, working on'a disease of tobacco which he considered to be 
caused by Bacillm solanacearvim, ho fed plants^ a substance which 
had been precipitated by alcohol from pure bouillon cultures of the 
pathogene. The plants which obtained this substance developed 
wilt, while those fed with a boiled solution of the same substance did 
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not wilt. Ho considers the wilting as dxie t(> the intertnn^^^^^^ of 
osmotic pressure cousoquent on proto]>lasinic intoxication, and in 
the advanced stages the water supply is interfered witli !)y the forma¬ 
tion and acceleration of gum masses iti vessels. The^ actual^ fac-tor 
which brought aboxit these conditions is a. tJuMMnolabilc, toxu* sub¬ 
stance. ... 

Coons (Sj ]). ^70) rc])orting on t]u‘. work ol (ujss in lOiO in a pre¬ 
liminary fashion, calls attention to tJie wilting <>1 Irish ])ot<a.to ])buits 
when placed in a filtrate representing a syiitludiic. solution upon vyhich 
a species of Fiisarium had been grown. Control plants i)la(‘,e<l in an 
uninoculated medium remained healtliy. It was (‘.oiuvluded that 
wilting was due to poisons generated by the fungus. 

Haskell U2) in 1919 came to a similar comvhision concerning wilt 
of Irish potatoes caused by Fusariim oxysponwi. lie injected solu¬ 
tions of oxalic and salicylic acids, as well a,s liquid culture media 
upon which the fungus had been grown, and obtained a, browning 
and necrosis of the Vascular systems with ail. By making micro¬ 
scopic observations of stems of infected plants, he found no instance 
of a stoppage of the trachea sufficient to shut olf the^ passage of sap.'^ 

In 1919 Bisby (S) reported filtering several species of fungi from 
the liquid nutrient media upon which they had grown, and placing 
leaves of different plants into the filtrates.' The fungi used were: 
Fusarium oxysporum^ F. discolor sulyhureum^ Fusariuin from pea, 
Rhizoctonia,*and Penicilliiim. ^ Wilting occurred witliin a fowhoxirs 
with some extracts, a fact which he feels is not to he explained by 
changes in acidity. Excised leaves placed in uninoculated media 
and in water did Jaot wilt until considerahlc time had. elapsed. The 
iniurious effect was also noted after boiling the filtrates and after 
diluting them considerably. He concludes that the wilting is xiot 
due to some poison which is specifically xictive against certain plants, 
since ^^potato leaves wilt as readily in old Rhizopus solutions as in 
solutions in which F. oxysporum had grown/^ 

Braudes (4) in 1919 found that cxiltures of Fusarium cuhense 
grown in^Richards^ solution when filtorexl free from the fungus pro¬ 
duced a marked wilting of buckwheat and bean plants, a.s w^ell as 
banana leaves. He obtained the same results, using IJschinsky^s 
solution as a medium, and concluded that in the disease known as 
banana wilt, wilting is not duo to plugging of the vessels by mycelium, 
but is probably the result of toxic oxxvrotions by th<^ fungus. 

Young and Bennett in 1920 (IBS) ixiade a further effoi’t to (Ud.cnninc 
the method by which FusaHum. oxysporum, inducers wilting of potato 
plants. They found that filtrates of this fungus growing xipon 
Richards' solution were increasingly toxic to ])otato plants as the 
age of the cultures increased up to the fortieth day. Furthermore, 
with this increase in toxicity there is noted, after* a lO-day per'iod, 
a gradual decrease in the hydrogen-ion concentration, reacdiing Ph 7,4 
on the fortieth day froin an initial reaction of Ph 5.0. But xipon 
uninoculated solution adjusted to Ph 7.4, there is no toxicity noted 
when cut stems are placed in it. From this it is comduded that the 
change in reaction, while not the primary cause’s of wilting, indicates 
the presence of a compound with a slightly alkaline reaction. Axito- 
da-ving or boiling did not alter the toxicity of this substance, 
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In 1921 Ajrekar and Bal (1) of India, working on cotton wilt 
and using Hutchinson's {14) method, previously mentioned, were 
unable to obtain wilting of cotton plants by means of the alcoholic 
extract. They do not, however, conclude from their very meager 
tests (only two plants were used) that no toxins are produced by the 
fungus; on the contrary, when they sectioned diseased plants and 
examined them microscopically, the number of vessels which were 
not occupied by the fungus was so great in comparison with the 
number occupied that they suspected the action of a toxic substance 
rather than a mechanical plugging up by fungal mycelium. 

Bewley {Z) in 1922 found that the liquid cultures in which Verti- 
cillium albo-atmm was grown (the fungus causing “sleepy disease" 
of tomato) contained a substance capable of causing wilt when filtered 
free from the fungus. He attempted to isolate the enzymes produced 
by the fungus during growth and decided that no endoenzymes 
capable of causing wilt were present. He concluded that the wilting 
was caused by an exoenzyme which he precipitated with alcohol, 
and which he foxmd to be gi*eatly reduced in activity by heating 
to 100° 0. 

Picado {23) in 1923 attempted to determine the .nature of the 
substances secreted or oxcTeted by parasitic fungi in which the host 
tissues ai’c either injured or killed at some distance from the point 
of attack. He worked with VeHicillium alho-atrum, V. duhoys^ both 
parasites of the potato; Fusarium solani from the melon; F. cuhenscy 
the pathogene of banana wilt; and with a saprophytic Penicillium. 
The results indicated that the withering of the plants experimented 
upon, the browning of their vessels, and the destruction of their 
tissues were not all produced by the same causes, though in each 
instance evidence was seen of the action of substances having toxic 
properties, such action resulting in the symptoms pi’odiiced in the 
different diseases. Picado draws a distinction between true toxins 
or enzymes and substances having poisonous properties. After 
extracting the albuminoids, enzymes, and toxins from the mycelium 
with alcohol and concentrating the liquid from the crushed mycelium, 
he obtained a waxy, brownish residue. This proved to bo'thermo¬ 
stable and V(uy toxic t-o plants. The heated extracts were con¬ 
siderably .more potent in prodticing wilt than the endoenzymes and 
endotoxins. Ihcado's (‘omh-ision is that the poisons i)rqdu(H>d by 
these fungi are not true toxins itilthe sense of toxins against which 
immunization is i)ossible, Theyj[may be (*ompar(^d in action to 
poisons found in som<^ mushrooms sucl'i as “Amanita-toxin," and he 
sxiggcsts that the action at a distance of certain parasitic fungi ma.y 
be due to a chronic ])oisoning of the plant. 

In 1923 Pahmy {8) described his efforts to determine the cause of 
wilting brought about by Fusarmn^ salami. The fungus was grown 
in pure cultui’c in Richards' solution, and then flltei'ed under sterile 
conditions. He found that the. unboiled as well as the boiled filtrate 
possessed marked toxic properties, and he determined the presence 
in the filtrate of ammonia as well as oxalic acid. But the amounts 
present did not seem to him to l)c sufficient to ac<‘uunt for the wilting. 
He ^so found that the substance responsible for wilting was thermo¬ 
stable mi nonvolatilct 
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Goss ill) in 1924 concluded upon the examination of infected 
potato plants that the vascular elements were not blocked by 
the growth of the fungus, Fusarium eimartii, and that the tissues 
were often kUlcd in advance of the organism. He grow the fungus 
on a slightly modified Richards’ solution, and after filtering he found 
the filtrate capable of wilting plants in a. relatively short time. 
The boiled extract, however, produced no wilting. In contrast to 
this, ffltrates of another wilt-inducing fungus, Ftmitium oxys2)orum, 
remained toxic after boiling. 

In the biennial report of the director of the Kansas Agricultural 
Experiment Station, which appeared in 1924 (9, p. 7S), it is recorded 
that Fusarium lycopersici has been found to secrete an enzyme which, 
when precipitated, dried, and redissolved in distilled water, causes a 
rapid wilting of young plants when their cut storms are immersed in 
the solution. Boiling destroys the toxicity of the enzyme. Both 
the residue and the dialyzate of nutrient solutions upon which the 
fungus was grown produced wilting of young plants. From this 
it is concluded that two toxic substances exist, one a colloid and the 
other a crystalloid. 

The recent work of Johnson and Murwin (IS) on the toxic sub¬ 
stance produced by the bacterium causing wildfire of tobacco is of 
interest. They noticed marked yellowish halos and chlorosis of 
bud leaves in the absence of organisms or with a few present. 
They concluded that a soluble, toxic substance is formed by the 
organism. When it was cultured on potato agar and a suspension 
made of the pathogene in water, which was filtered through a Berke- 
feld filter, the ap;i^ication of the cell-free filtrate on tobacco leaves 
resulted in the production of typical halos. 

Very recently Jochinai (27) concluded that the rapid wilting of 
flax plants attacked by Fusarium Uni was due to the obstruction of 
the xylem consequent upon the production of gas, while the poison¬ 
ing of the cells was caused by alkalinity produced by the fungus. 
His co'nclusions are based entirely upon in vitro studies of fungal 
cultures and no effort was made to test these theories in healthy host 
plants. ' 

These references, and others not cited, all indicate that in a num¬ 
ber of diseases, many of them comparable to the wilt of (sotton in 
symptoms as well as in causal agent, the theory of a mechanical 
plugging by the fungus causing wilt has boon discarded and in place 
of it there is proposed the action of one or more toxic substances 
given off by the various fungi. These toxic substanc.os are directly 
or indirectly responsible for wilting and other pathological phenoni- 
ena. But it is quite obvious that m very few instances has a careful 
study been made of the nature of the poisonous principles produced 
by the fungi. It has also been revealed that an attempt to prove 
the production of a toxic substance by the cotton wilt fungus resulted 
in failure. 

EXPERIMENTS TO DETERMINE THE ACTION OP FILTRATES 
ON COTTON PLANTS 

^om the literature cited it appears that the common method 
used in proving the presence or absence of toxic substances is to 
grow the pathogene on some nutrient medium—frequently Richards’ 
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solution is utilized—filter the organism from the medium, and place 
the plants, usually with their roots cut off, into the filtrate. This 
method has been utilized by the writer (its adequacy will be dis¬ 
cussed later). Table 1 presents in brief the number of such tests, 
and the results obtained. Unless otherwise noted, the plants con¬ 
sisted of vigorouly growing seedlings which were carefully removed 
from the pots, then placed in water and the roots cut off under the 
water. The cultures of the fungi were grown at room temperature 
for two to three weeks in Erlenmeyer flasks containing about 300 
c. c. of medium. 



Table 1. —Action of various filtrates on cotiori plants 
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EXPERIMENTS lA TO ID 

At the end of a week the plants originally placed in uninoculated 
Richards’ solution appeared perfectly healthy; those in the Fusarium 
vasinfectum filtrate were dead; those in F. lycopersiei filtrate, with the 
exception of two plants that appeared normal, show^ed varying de¬ 
grees of withering and flagging. On the upper parts of the stems of 
plants treated with F. vasinfectum filtrate, profuse growth of a Fusa¬ 
rium developed, but the plants subjected to the F. hjco'perswi filtrate 
showed no such growths. As will be shown later, filtering through 
fine filter paper does not remove all of the fungus, and a probable 
explanation for the lack of fungal development on wilted stems of 
plants treated with F. lycopersiei filtrate is that that fungus will not 



Fig. 1.—a, comparison of the action of a filtrate of Fusarium vasinfectum (the 7 ifiiuits In etmter), 

a filtrate of F. lycoperski (the 7 plants on the left), and iminoculuttKi llichiirils* solution (tli<\ 
plants on the right). Photograifiicd at the end of 24 hours’ tro'atwunit, B, (iompiuIson of the juition 
of a filtrate which had passed through a bactoriological porcolniu filter (top row) and a intrat.o 
which had passed through a fine grade of filter paper (bo<,tom row). Bhotographod at the end of 24 
hours’ treatment. In both cases the plants had been carefully removed from the soil and tlio roots 
immersed in the filtrate 

, grow on cotton, although the filtrate contains ingredients which are 
poisonous. The interiors of wilted plants all showed brownish dis¬ 
coloration of the xylem elements, while the unwilted control plants 
remained normal. 

One of the interesting facts noted in this series of experiments is 
the difference between the action of the nutrient-broth filtrate and 
Richards^ solution (see fig, 1), both representing transfers from the 
same fungal culture, and both of exactly the same age. The fact 
that the broth filtrate possessed no toxic properties, while Richai’ds^ 
solution proved markedly toxic, may explain the reason for the failure 
of Ajrekar and Bal (1) to obtain toxic action of the cotton-wilt fungus 
when grown in peptone bouillon. It also brings to mind the marked 
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difference in physiological processes which are apt to appear with the 
use of different types of media, or under other difterences in environ¬ 
mental conditions. . For example, it is well known that in the pres¬ 
ence of certain organic nitrogen compounds the metabolic products 
attending the growth of numerous microorganisms are apt to be 
different from those found when inorganic nitrogen is supplied. 
Again, in the presence of certain carbohydrates, acids and gas are 
formed, while in the absence of these no acid or gas formation takes 
place. It opens up the whole question as to the significance to be 
attached to findings of toxic properties with any medium which does 
not closely approach the chemical and physical make-up of the 
natural host, 

EXPERIMENTS 2A TO 2D 

The porcelain filter used in experiments 2a to 2d was one which 
did not permit the passage of a 10 per cent solution of defibrinated 
ox-blood hemoglobin. It had been previously autoclaved for 30 
minutes at 15 pounds pressure, and the whole process of filtering 
carried on under aseptic conditions. Platings made of this filtrate 
remained sterile. 

The one plant which had not wilted in the 15-hour period in experi¬ 
ment 2b gradually sucoumbed, so that at the end of 36 hours all of 
the plants treated with the filtrate which had passed through the 
porcelain filter ajjpearod just as withered and sickly as those which 
had boon pla(‘.ed in the filtrate of the filter paper. Platings made of 
the latter showed that a good many viable spores of the fungus had 
passed through the pores of the paper. Those made typical growth, 
with the pinkish color characteristic of Fusarium, vasinjectim when 
grown on potato-glucose agar. 

As the uninocuiated Richards^ solution tested Ph 4.2, while the 
filtrate of the 3-weeks-old culture tested Ph 6.6, it seemed worth ‘ 
while to determine if the change in acidity had any influence on the 
toxic properties of the filtrate. The filtrate in experiment 2d was 
acidulated with hydrochloric acid until it tested Ph 4.4. As,far as 
this limited test goes, it appears that the(hangein hydrogen-ion con¬ 
centration in itself was not responsible for the poisonous nature of 
the fill.ratc. 

EXPERIMENTS »A AND J}B 

Experiments 3a and 3b were designed primarily to test the action 
of tlie filtrati^s upon uncxit stems. The plants were carefully re¬ 
moved from th(b pots of soil in such a manner as to disturb the root 
systems as little as possible. The roots were washed free of soil and 
then placed in the filtrates. The results show that the toxic sub¬ 
stance can bo absorbed by the roots and produce typical wilt symp¬ 
toms. May not this fact explain why,in a given field certain plants 
exhibit at times a stunted and partially wilted effect, without any 
evidence of infection, while other plants readily yield cultures of the 
cotton-wilt fungus? 

One fact observed in this experiment was the more rapid and com¬ 
plete wilting of the plants placed in the filter-paper filtrate, as com¬ 
pared with those placed in the filtrate which had passed through the 
porcelain cylinder. This had also been noticed in the previous experi¬ 
ments. It nas already been noted that solutions which passed through 
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fine filter paper still harbored the fungus. This luninostioiuibly would 
also be true of cotton filters, and as a. nunil)er of invest igators \v1h>s(^ 
work has been previously reported say nothing of the us(^ ()! bacterio¬ 
logical filters, it opens up the question as to their claiius <fi‘ toxic sub¬ 
stances. Lutz's {l9) claim that poisons arc partially withheld when 
clay filters are used is certainly not true of a nuiubei’ of .microorgan¬ 
isms, as shown, for example, by Young and Bennet.t Oi?cS). 

In order to test this point further, isolations were attempted from 
the wilted plants of both types of filtrates. The stems of wilted 
plants were cut into pieces about 1.5 cm. long, the surfaces sterilized 
with mercuric chloride, washed in sterile water, and placed in Petri 
dishes containing potato-glucose agar. Out of six pieces derived 
from plants subjected to the filter-paper filtrate, three developed 
typical growth of Fusariurn msiniectumj while none oi the pieces rep¬ 
resenting plants subjected to the filtrate which had passed through 
the porcelain filter showed the presence of any type of microorganism. 
It is not intended to suggest that cotton or filter-paper filtrates 
which possess poisonous properties owe their action x)rimarily to the 
presence of the pathogene, but it is suggested that unless the patho- 
gene is completely removed there is no good evidence for the tox¬ 
icity theory. 

EXPERIMENTS 4A AND 4B 

The formula used for the Uschinsky's solution is tliat given in 
Giltner's “Microbiology," (10) under the heading “Uschinsky's 
asparagin medium." (There are a number of solutio.ns going under 
the name of XJschinsky's solution, but as far as the writer c.an judge, 
their main point of similarity is in the name.) The test was designed 
to obtain further information on the difference to be expected in the 
toxic properties of a filtrate representing different types of media. 
As in nutrient-broth filtrate, there appear to be no toxic properties 
developed in the Uschinsky solution. It should be noted, however, 
that although cultures were 25 days old, growth was not as abundant 
as in Richards' solution. The marked sweetish odor present in the 
latter, as -well as the amber-brown color, were entirely absent in the 
asparagine medium. It is also to be noted that while Richards' 
solution develops a hydrogen-ion concentration of around Pn O.G, 
the Uschinsky solution develops marked alkalinity, Ph 8.4, in the 
same time interval. Probably this is due to the use", of organic 
nitrogen in the latter medium. The difference in hydrogen-ion 
concentration is shown below. 

Type of solution ] [-ion coiuientration 

Uninoculated Richards'_______ P„ 4, 2 

Richards’ with 2 weeks’ growth of Fusarium vasinfectum _ Pu 0. 6 

Unxnoculated nutrient broth...P„ 6. 8 

Broth with 2 weeks’ growth, of F.rVasinfectum ... P„ 7, 4 

Uninoculated Uschinsky’s solution___P„4. 8 

Uschinsky’s solution with 25 days’ growth of F, vasinjectum^ Ph S. 4 

EXPERIMENTS 6A AND 6B 

As a marked difference had been noted in the behavior of different 
strains of the cotton-wilt fungus, it seenaed worth while to test the 
effect of a different strain from that previously described and listed 
^ 1924 Terrace. The strain here used behaved quite differently. 
Wilting occurred within a few minutes, but the very bright sunlight, 
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as well as the temperature present in the greenhouse at the time, 
may have had something to do with this, and the control (plants 
placed in tap water) was not coipidered adequate. Unrortimately, 
there was no iminoculated solution available at the time. Under 
the conditions cited above, it is quite possible that rapid evaporation 
may have so eonoeiitrated the fdfcrate as to cause wilting irrespective 
of any toxic ingredients. The writer suspects that the same thing 
octuirred in a number of instances in which the investigator claims 
wilting in a very short j^eriod. The filtrate here discussed represented 
a 15-day-old culture with a marked sweetish odor, suggesting some¬ 
what the odor of lactic acid to the writer but not to others. It had 
a hydrogen-ion concentration similar to the uninoculated solution, 
Ph 4.4, in marked contrast to the Ph b.6 developed in the 2-weeks-old^ 
culture of the 1924 Terrace strain. Tests with ether-ferric chloride" 
as described in Hawk^s Physiological Chemistry” {IS) for lactic 
acid, developed a slightly greenish tinge, indicating the presence of 
lactic acid; however, the markedly brownish color of the medium 
prevented an absolute diagnosis. In any case, the quantity of 
lactic acid present, if any, was probably so small as to be of no par¬ 
ticular significance. 

EXPERIMENTS 6A TO 6B 

The object of this group ojf experiments was to determine the power 
of the filtrate to induce wilting when it is diluted. Obviously a solu¬ 
tion upon which a fungus has been growing for three weeks has lost 
part of its nutrients as well as considerable water. Also, as Brandes 
(4) has pointed out, there is the possibility of a greater osmotic 
pressure being developed in a Richards^ solution with sucrose as a 
source of carbon because of the conversion of the disaccharido to 
two monosaccharides. Plants placed in the filtrate diluted with 
an equal quantity of distilled water showed a slight wilting in the 
same time interval as those placed in the undiluted filtrate, clearly 
indicating that it is.not the possible increase in osmotic pressure 
that is responsible for tho^ toxic action. On the other hand, the 
filtrate, <lilutod with twice, its volume of water, possessed no appre- 
(uable toxic action. 

EXl^EHIMENTS 7A TO 71) 

It scuuned worth, while' to determine the toxic*, action of a filtrate 
which had for its supply of carbon a monosacciiaride. For this 
purpose (jhemicuilly pure dextrose (anhydrous dextrose obtained from 
a commercial company) was substituted for the sucrose in the 
Richards^ solution a.t the same comunitration, 5 gm. in each 100 c. c. 
of solution. Tlxe fungus seemed to'grow as well on this medium as 
on the sucrose medium, although no effort was made to get weights 
of dry fungal mats. But for some reason the uninoculated glucose 
medium induced a wilting, especially of the cotyledons. However, 
as the time of observation was increased, a difference could be clearly 
seen in the amount of wilting. At the end of 66 hours all the plants 
kept in the concentrated filtrate showed a marked wilting of the 
true loaves, as well as of the cotyledons; those kept in the concen¬ 
trated and uninoculatcd Richards^ solution showed only a wilting 
of the cotyledons; while the diluted filtrate as well as the diluted 
uninoculated solution showed a comparable difference. The wilting 
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was not as great in the diluted filtrate as in the concentrated filtrate. 
It appears that, the filtrate possessed some toxic properties not 
present in the original medium, but the disadvantage of using dex¬ 
trose instead of sucrose in Eichards ’ solution appears obvious from 
this experiment. The hydrogen-ion concentrations of the solutions 
here mentioned were as follows (1924 Acala strain, 3-wooks-old 


cultures): 

Type of solution ll-ion concoiilrution 

Uninoculated Richards' solution with dextrose. Pu 4. 0 

Uninoculated Richards' solution with sucrose-- Pu 4. 4 

Three-weeks-old culture on dextrose-Richards’ solution™ P„ 6. S 

Three-weeks-old culture on sucrose-Richards' solution-P„ 5- 0 


A comparison of these data with the hydrogen-ion data previously 
.given indicates that at the end of the same time interval there is a 
noticeable difference between the hydrogen-ion concentration in this 
strain of Fusarium msinfedum and the other strain. 


EXPERIMENTS 8A TO 8P 


Livingston (18) has shown that sunlight undoubtedly influences 
the rate of transpiration, and it appeared desirable to test its action 
on the rate of wilting. This series of experiments apparently brings 
out quite clearly the fact that very bright sunlight affects the rate 
of wilting, for in one filtrate exposed to strong sunlight plants wilted 
in approximately one-fourth the time required by plants in a similar 
filtrate in diffused light. The explanation would appear to be as 
follows: As transpiration increases, there is a greater intake of water 
and probably of the dissolved substances, and this increase would 
account for the more rapid wilting. That it is not due merely to a 
concentration of the filtrate outside of the plant appears to be evident 
from the fact that control plants in the uninoculated solution do 
not wilt under the same conditions in the same length of time. 


. ^ EXPERIMENTS 9A TO 9P 

This series of experiments was designed to help in determining the 
nature of the toxic substance. Was it volatile, and was it thermo- 
labile? About 300 c. c. of the filtrate which had passed through a 
Berkefeld filter was subjected to distillation, for the first 30 minutes 
at about 100° C., and later at 110° to 120°; The first distillate was 
collected in about 100 c. c. of cold distilled water, the point of the 
condenser resting below the water level so as to pi'ovent the escape 
of any gas. The odor of the first distillate was very sharp, pungent, 
and somewhat sweetish. Tests for amines with gold chloride and 
with chloroplatinic acid were negative. The odor of the second 
distillate was not as distinct as the first. The residue, consisting of 
75 c. c., contrasted with the original 300 c. c., had a dark-brown color 
and a strong caramellike odor. Plants placed in the first distillate 
wnted within 24 hours, while control plants placed in uninoculated 
Richards' solution remained turgid. In contrast to this, the plants 
placed in the second distillate showed no wilting in the same period. 
I^dently the volatile substance possessing toxic properties passed 
off quicHy and completely. However, neither of the distillates 
posseted the extreme toxicity of the residue. When this was diluted 
mth five parts of water, the plants subjected to it showed signs of 
nagging within several hours, in spite of the fact that the dilution was 
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more than sufficient to make up the original volume. Even the 
residue diluted with 20 times its volume of water showed toxic 
qualities almost equal in severity to those of the lesser dilution. 
Dilutions making a 2 per cent and 1 per cent solution of residue 
possessed but sliglit toxic properties. Compared to these, the first 
distillatc'^ a;ppearo(l more toxic. From this experiment one may con¬ 
clude as follows: There are two toxic substances present in the filtrate, 
one volatile and possessing slight toxic properties and the other non¬ 
volatile, thennostablo, and increasing in toxicity upon heating. 
Tests for amines were undertaken because a number of these are 
known to be highly toxic, some of them resulting from the action of 
microorganisms. The interesting work of Krueger and Alsberg (Iff) 
in detecting mono-, di-, and triamines in cultures of Pseudomonas 
solanacearum, a wilt producer, also indicated possibilities for their" 
detection in. the media sustaining the cotton-wilt fungus. While the 
tests previously cited are commonly used for detecting amines, 
including the closed ring ones, the alkaloids, the writer does not feel 
that the negative results obtained arc conclusive. The detection of 
various amines in the filtrate of P. solanacearurn does not necessarily 
mean that these substances have anything to do with wilting, and 
Krueger and Alstxug make no such claim. The fact is that amines 
are’s not known to have any definite physiological function in plants, 
including the microorganisms, and are found constantly in only a 
small proportion of them. 

EXPERIMENTS lOA TO IOC 

It seoined worth while to test a third strain of the cotton-wilt 
fungus since the two others had shown such divergence in color 
developed in the media and in the hydrogen-ion concentration, A 
3-weeks-old culture tested Ph 6*2, while the uninoculated control of 
the same age tested Ph 4.0. In all respects the filtrate closely 
resembled the 1924 Terraco strain. Krueger in correspondence had 
suggested testing for nitrites in the filtrate. Such tests are comnmn 
in bacteriological work, but rather rare in work with fungi! Using 
the sulpliauilic acid-alpha naphthalamine method, a very positive 
test for nitrit-es was obtained in the filtrate, while the uninoculated 
Richards^ solut-ion gave entirely negative results with no indication 
of a pink color. The test was repeated several times and with the 
same result. There is no doubt that in a medium containing nitrate 
the. fungus is capable of reducing this to nitrites. Furthermore, it 
was interesting to see that a 3-woeks-old culture of the same strain, 
growing upon Uschinsky^s solution, gave only negative results when 
tested for nitrites. It will bo recalled that with the latter medium 
the filtrate is not toxic to cotton and that the medium itself contains 
no nitrates. 

Of the 9 plants placed in each of the different solutions represented 
in experiments 10a, 10b, and lOo, 5 were about 10 inches high and the 
4 remaining were seedlings. Was there any difference in toxicity 
to be noticed in older plants compared to seedlings? The results 
show that while the seedlings, wilted completely within five hours 
in the unboiled filtrate and were quite flaccid in the boiled filtrate, 
the larger plants, with the exception of one in each, showed no such 
ill effects. The larger plants were not as thrifty as the seedlings, 
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and this fact may have influenced the results. Eventually the larger 
plants also wilted, but whether this was due to the filtrate or to some 
secondary organism introduced into the filtrate was not determined. 
It should be noted that bacteria of various sorts thrive very well on 
the filtrate when they have considerable difficulty in growing in the 
uninoculated solution. The reason doubtless is to bo lound in the 
hydrogen-ion concentrations, considerable acidity, Ph 4.0, of the 
uninociilated medium acting as the dcterrctit. Tlio (‘ontrol plants 
in the uninoculated medium remained turgid and healthy looking 
for about 48 hours. Irrespective of poisons, the writer finds that it 
is more difficult to keep plants thrifty in water solutions daring the 
warm parts of the year than during the cooler parts. As has already 
been shown, the boiled filtrate also possessed toxic properties. The 
^filtrate in a cotton-stoppered Erlenmeyer flask was heated over a 
water bath for about 20 minutes at 100° C. Plowever, the amount of 
fiaccidity and wilting in the five-hour period was not as great in the 
boiled filtrate as in the unboiled, indicating that the heating may 
have diiven off some of the volatile toxic substance. Boiling, as 
reported elsewhere, does not destroy the toxic principles. 

EXPERIMENTS llA TO IID 

It has already been recorded that filtrates of the tomato-wilt 
fungus, Fusarium lycopersici, exercise but slight toxic, effects upon 
cotton plants. Would the filtrate froin a fungus that is more closely 
related to F. msinfeeium be moi'e toxic? The cowpea-wilt fungus, 
F. tracheiphilum, is so closely related to the cotton-wilt fungus that 
for a long time they were considered as one species. Indeed, the 
main difference known at present is the difference in susceptible hosts. 
This experiment indicates that the filtrates of the two possess about 
the same toxicity bo cotton. This might be interpreted to mean that 
studies on filtrates are not conclusive for toxicity study, inasmuch as 
they are not specific, as Lutz (19) and Bisbjr (S) have pointed out. 
There is, however, another possible explanation. When one severs 
the rqoksystem of a plant, or uses an excised leaf as Bisby did, any 
selective ac;tion is of course largely destroyed for that ])lant. But 
irrespective of this, we are dealing hero with ])araHites tlia.t push 
their way into and grow rather profusely within a. sus(‘,eptible juant. 
In spite of the fact that the group of Fusaria'as a whole are remarkable 
in their range and frequency, easily living on almost all kinds of 
dead matter, they show marked restrictions in their <*.aj)acity to 
parasitize, often limiting themselves to but one spodcs or onlV to 
certain varieties of that species, and then only attacking under < 5 ertain 
restricted conditions. In other'words, the possibility of filtrates of 
various and diverse fungi causing wilting of a given" plant does not 
necessarily overthrow the experimental data obtained in filtrate 
studies of the parasite specific to that plant. One must first show 
that a certain fungus is capable of penetrating and living within a. 
given plant before toxicity studies of its filtrates are rejected or 
accepted. 

EXPERIMENTS 12A TO 12F 

These experiments were undertaken to find out more about the 
substances in the filtrate of Richards* solution which possessed toxii*. 
properties. As the filtrate was fio be heated^ th§ fungus wi^s filtered 
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off by means of fine filter paper. In spite of the fact that the solution 
was markedly less acid, judged by the hydrogen-ion concentration, 
than the uiiinocnlated solution, yet there was the possibility of the 
formation of organic^, acid having alow dissociation constant, together 
with other nietaboli<‘, produc.ts possessing alkaline properties. At 
the suggestion of A. P. Ivmeger, strictly (diemically pure calcium 
(*arbonat(' was added to the filtrate, together with a few di'ops of 
toluol. After standing 48 lioiirs, the carbonate was filtered off and 
the filtrate was concentrated by heating and distilling in vacuo. 
Krueger had suggested that such a concentrated filtrate might in 
tiine develop (U-ystals representing calcium salts of any organic acids 
which might be ])rcsent. At the same time, it seemed desirable to 
gather the distillates in order to check the former distillation expexd- 
ment. Tlie solution was boiled at about 90° C., and the distillate 
collected during the boiling. ^ It appeared as a colorless liquid with 
an odor similar to that previously described for distillates. It was 
slightly alkaline, testing Ph 7.5. As indicated in the table, it pos¬ 
sessed toxi(3 i)roperties, although the writing of the plants was not as 
severe or as rapid as in tlie residue. Another portion of the residue 
which WHS left staxiding for several days in an open dish, the sides 
of wli.i(h wer(i rul)bed occasionally with a glass rod, failed to show 
any c.rystals. As the distillate gave an alkaline reaction, it seemed 
worth while to test for organic bases. But tests for amines, pre¬ 
viously cited, were negative. As Lathrop (17) had reported the 
finding of aldeh:vdc in a filtrate of Fumrinm cuhense growing upon an 
Uschinsky solution, tests for aldehydes were made, including the 
resorcimu test for ali()hati(3 aldehydes, the a(3enaphthenc test for 
cyclic, aldehydes, and the silver-mirror test. All wore negative. 

The (henu(‘-al investigation of staling in Fusarium sp. condxicted by 
Pratt { 24 ) is of <u)usidcrablo interest. When fungi wore grown upon 
llichards’ solution, she found that they ])roduced small quantities of 
alc.oliol, salts, fatty acids, ammonia, and possibly traces of aldehydes. 
vStaling was tiot c.onsidered to be due to an enzyme, but rather to the 
sini])Ie orgaxii(‘- acids which are toxic at low comumtrations. In spite 
of tJie failure of the writer to obtain <‘.al(uum salts of (U’ganic acids, 
th(> subject, is wortliy of further investigatiojj.. Unfortunately, the 
rusli. of otluu* vvoi’k luis for the prtwnt made impossible any further 
efforts in tliis direc.tiou. ' 

'’riu". positiv<‘. t(^sis for uitritiCS in filtrates of 2 or 8 wcndcs old cultures 
of Fimirium vasinfeetmn growdng upcm Kichards^ solution made it 
desirables to find out more about this chemical. It is known that 
nitrib^s are (iuit(‘ t-oxie U) plants at fairly low concentrations. Was 
the con(‘.entra.tion in the lilt.rates great enough to be |)oisqnous? 
Using th(‘. ofrudal method for the quantitative determination of 
nitrites, if. was found that with tlireo diflru’ent strains tested at 
different tinn^s the amount of nitrite-nitrogen varied from 0.0125 
mgm. to 0.04 mgm. per cubic*, eentimeter. A solution of cheinieally 
])uro sodium nitrite*, was made up so as to contain 0.04 mgm. of nitro¬ 
gen per <*.uhi(3 (‘entiineter. Six c.otton seedlings with roots cut under 
water wenx* pla<‘e(l in this solntion, and witliin 22 hours a marked 
withering and browning of tluvstems was noticed, starting at the 
l>aso and rinming up for some distance. But when the experiment 
duplicated and plants were placed hi tlie soluthni whiph had been 
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made up about 48 hoin-s previously, there was no ill elfect to be 
noted. Nitrites in solution are not very stable, and this probably 
accounts for the seeming discrepancy. That nitrites in dilute 
form can produce a wilting and killing of cotton plants was deter¬ 
mined in the following manner: One pot of cotton seedlings growing 
upon a sandy loam soil received 1,000 c. c. of a sodium nitrite solution 
containing 6.5 mgra. of nitrite-nitrogen per cubic centimeter. The 
solution was applied in three applications at intervals of 24 hours. 
Another pot was treated in a similar manner, using potassium nitrite 
as the salt. A third pot, treated with water, served as a control. 
Within 48 hours all of the plants, about 40 in number, of tlie two 
pots treated with nitrites (see fig. 2) showed droopy cotyledons and 



Fig. 2 .—Effect of nitrite on cotton plants. Control pot at the right and pot to which 1,000 c. c. of 
sodium nitrite, 0.5 mgm. of nitrite-nitrogen in each cubic centimeter, at tlie loft. Plants all of the 
same age and handled similarly. Photographed 48 hours after initial treatment, 'rweuty-four 
hours later all the plants in the nitrite pot wore dead 


leaves, while those of the control pot remained normal. Within 
three days after the applications, almost all of the plants in the nitrite 
pots were dead. When one considers the instability of nitrites under 
soil conditions, the greater concentration applied to soil as compared 
to those found in the filtrates does not seem objoctionahlo. 

The experiment clearly indicates that in the presence of nitrates 
the fungus produces nitrites which may in part cause the pathological 
effects. As the fungus is a vascular parasite, it must undoubtedly 
at times come in contact with nitrates taken up by the roots. 
Furthermore, as the same fungus is a soil inhabitant, it is quite 
possible to conceive of nitrite poisoning readily occurring in the 
absence of any fungal invasion. 
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OTHER EVIDENCE INDICATING TOXIC ACTION 

Aside from evidence of toxic action deduced from a study of fil¬ 
trates, there is other evidence indicating that wilting is not due to a 
mere mecluinical plugging of the- vascular elements by the fungus. 
It has already been noted that Ajrekar and Bal (f) found that by far 
the greatest number of vessels in a wilted cotton plant are not occu¬ 
pied by the fungus. The writer likewise has spent considerable time 
in making inicroscoj)io observations of wilted cotton plants and can 
confirm Ajrekar’s and BaPs findings. In addition to this, the writer 
has not infrequently been unable to culture the fungus from wilted 
plants whicli possessed discolored vascular elements, even when 
stem bases and pieces of taproots were utilized. That other investi¬ 
gators have been unable at times to culture Fusarium vasinfectum 



Ki<i. “Front row: Nimii jilunts wlt.l? roots roinovo<l, uftor stuiidinir 24 hours in uninoculaletl 
Hldiunls' solution. Hack row; Nino with roots romovod, after vStnruling 24 hours in u 

fUtrato of liiohards' solution in wddeh Fitmr'mm pnfiin/eHum had b(*on t?rown for 3 weoka 


from wiltod cotton plants is, in view of those observations, not 
surprising, and Dastur’s {(!) conclusioa that wilt is not caused by 
that fungus was duo partly to his inability to culture the fungus 
from some wilted plants. 


CONCLUSION 

A study of fdtratos with Richards’ solution as the medium for the 
growth of Fusarium msinfectum shows that there are at least two 
toxic substances present in the filtrate.^ (See fig. 3.) One is a vola¬ 
tile compound, slightly alkaline in reaction, and the other an inorganic 
salt, in the form of nitrite. There may be other toxic substances, 
such as organic acids or alkaloids, but these have not been detected. 
The finding of nitrites in sufficient quantity to cause poisoning of 

25660—27-5 ’ 
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cotton plants opens up a field of invcstigal.ion which has largely 
been neglected in work with wilt-pi-oducing fungi. 

As the fungus is not present in sufficient quantity within the xylom 
to account for the wilting, and as wilting is at times obtainable in the 
absence of the fungus, it seems logical to conclude that the pathologi¬ 
cal phenomena here discussed are due primarily to certain poisonous 
chemical compounds produced by the fungus. 

SUMMARY 

A large number of experiments are recorded in which pure cultures 
of different strains of the cotton-wilt fungus were grown on various 
liquid media, the fungus removed from these, and toxicity studies 
undertaken with the filtrates. 

It is shown that filtrates representing cultures growing on Richards’ 
solution are quite toxic to cotton plants, while filtrates of ciiltures 
gi-owing on media containing organic nitrogen, such as Uschinsky’s 
asparagine solution or peptone-beef broth are non toxic. _ May not 
this explain why cotton wilt is much more prevalent in light sandy 
soils devoid of appreciable quantities of organic nitrogen as compared 
to richer types of soils? Attention is called to the difference in 
metabolic pi'oducts to be expected in media of diverse^ composition. 

When cultures are filtered through fine filter paper the filtrate is 
found to contain viable spores. It has been determined that while 
the sterile Richards’ solution is markedly acid, testing Pn 4.0 to Ph 
4.4, the growth of the cotton-wilt fungus for two to three weeks 
renders the solution considerably less acid, the hydrogen-ion concen¬ 
tration ranging from Ph 6.0 to Ph 6.6. It appears, however, that 
this change in acidity is not the factor which renders the filtrates 
toxic. 

When whole plants with root systems carefully handled are placed 
in filtrates of Fusarium vasmfecium, wilting ensues as with plants 
that are.freed fi’om roots. 

That the toxic properties of filtrates of Richards’ st)lution arc not 
due to" increases in osmotic- pressure was detennined by diluting the 
filtrates and observing its action on c,ott(m plants. 

Substituting glucose for sucrose in Richards’ solution, it is found 
that the fungus makes as good a growth as in the siktosc medium 
and that the glucose medium also possessc's toxic, properlies. It was 
found that uninoculatcd glucose Richards’ solution (■aused a slight 
withering of the leaves. 

In very bright sunlight, it is recorded that filtrates cause wilting 
much more rapidly than in diffused light. 

By subjecting filtrates to distillation in vacuo as well as to oi’dinary 
boiling and testing, the distillates as well as the residues, wore found 
to possess toxic properties, -the residue being considerably more 
toxic. The distillatea possess a pungent odor and give an alkaline 
reaction. Tests for amines and alkaloids in the distillates were 
negative. 

The filtrates of 2 or 3 weeks old cultures on Richards’ solution 
gave positive tests for nitrites. These were found in quantities 
rangmg frona 0.0125 mgm. to 0. 04 mgm. of nitrogen for each cubic 
centimeter of solution. Using chemically pure sodium nitrite solution 
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comparable to the concentration found in the filtrates, it was deter¬ 
mined that this is markedly toxic to cotton plants. 

Comparing the action of filtrates of three different species of 
Fusarium on cotton plants, it was found that a filtrate of F. trache- 
iphilunij the (‘.owpea-wilt fungus, is comparable in toxicity to filtrates 
of F. vasmjectunhj while a filtrate of F. lycopersici, the tomato-wilt 
fungus, is considerably less toxic. Attention is called to the close 
relationship existing between the two first-mentioned species. 

Attempts to obtain calcium salts of any organic acid present in 
the filtrate of the cotton-wilt fungus resulted in failure. 

Microscopic observations of the vascular elements of wilted cotton 
plants cleM'ly indicate that wilting is not due to a mechanical plug¬ 
ging up of the vessels by the fungus. 

It is recorded that wilted cotton plants are occasionally found in 
fields badly infested with the wilt-inducing fungus from which the 
fungus is apparently absent. It is suggested that the wilting and 
interior discoloration of the xylem in these cases is due to the forma¬ 
tion of toxic substances by the fungus in the soil. 

The conclusion is drawn that filtrates of Fusarium vasinfecturn 
growing on Richards’ solution possess at least two substances poison¬ 
ous to cotton. One is a volatile compound with an. alkaline reaction 
and the other is an inorganic salt in the form of nitrite. 

The wilting of cotton infected with Fusarium vasinfecturn is con¬ 
sidered to be due to poisonous chemical substances formed by the 
fungus. 
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CORRELATED INHERITANCE IN WHEAT ^ 


By Gjbokge Stewart ^ 

Agrotiomuty Utah Agricultural Experinmit Station 

INTRODUCTION 

Since the rediscovery of MendePs law in 1900, there have been 
many studies of inheritance in wheat. Of these rather numerous 
investigations, however, only a few have comprised correlated studies 
of various characters on the same plant. 

Inheritance of awns and of spike density have received some atten¬ 
tion, but the studies have hardly more than indicated the problem. 
Both have been thought by some to be rather simple in their in¬ 
heritance, and in some crosses such is the case without doubt, but 
lately there has come a recognition of considerable complexity. 

As used in this discussion, the term “density'^ refers to compactness 
of the spike. Compact spikes have short rachis internodes, and the 
spikelets are (dose together. Such a spike is said to be dense,” 
whereas one with long rachis internodes, with the spikelets far apart, is 
said to be ^^ax,” 


REVIEW OP LITERATURE 

The literature available on the inheritance of awns and spike den¬ 
sity in wheat is surprisingly meager. Only four applicable papers 
on awns and a somewhat greater number on spike density have been 
found. 

AWNS 

It has boon generally accepted that the awnless condition is domi¬ 
nant over the awned condition in wheat and that the Pi plants are 
intermediate in this respect. Several workers report a simple one- 
factor dilferencc'. and therefore obtain a 3 :1 ratio or a 1 :2,;1 ratio' 

Howard and Howard (7)'^ in India found that some wheats behaved 
in a considerably more complex manner. A fully boarded wheat 
was crossed with one descjibed by them as being really awnlcss, a 
fact whic.h is emphasized as important, inasmuch as the so-called 
awnl(‘ss vari(».ties really have short tip awns. In the F 2 , five awn 
classes wei’c obtained:' (1) Entirely awnless, (2) short tips, (3) long 
tips, (4) ruuu’ly fully bearded, and (5) fully beardexL When the • 
awned and partially awned plants wore grouped together, there was a 
ratio of 36 awned to 1 entirely awnlcss. These results were explained 
on a two-factor basis. Four classes bred true, and when the short- 


I Received for publicntion July 21), 11)2«; Issue* IJanuary, 1927. This paper was submitted to the faculty 
of the University of Minnesota in partial fulflllnlent of4he i-eciuirenients for the degree of doctor of 
philosophy. 

^ '■J'he writer wishes to express his iir)pre{!iation for the helpful suggestions of H. K. Hayes concerning the 
plan of the experiment ana the methods of studying the data. Thanks are due to E. C. Stakman and 
M. N. Ijevine for cultures of physiologic forms of black stem rust of wheat and for growing twohybri<is in 
the international uniform rust nursery; to O. S. Aamodt for assisting in various ways with the rust investi¬ 
gations; and to 1). (\ Tingey for growing the varioUvS generations of hybrids and for assistance in recording 
observations and in making calculations. 

8 Reference is made by number (italic) to “Literature cited," p. 1191. 
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tipped plants and the long-tipped plants were crossed, Fo segregation 
showed some fully bearded and some awTiless plants as well as the 
intermediate forms. 

Clark (4) likewise found a somewhat complex (‘-ondition in the in¬ 
heritance of awns of a cross l)etweeu Hard Fed ('.ra t ion and Kota. 
He made five classes of awn types in Fo and arrived at the comhision 
that segregation w'as too complex to analyze by the methods which he 
used. He reacdied the comiusion also that awns followed to a (‘ortain 
extent the maternal parent. This was somewhat irregular, hut he 
felt that his results justified his conclusion. 

Eecently Nilsson-Leissncr {12) and Meyer {9) have shown in 
speltXvulgare crosses that awns are linked with the spelt and with 
the speltoid forms. 

Nilsson-Ehle {11) obtained by mutation true-breeding forms of 
awnless, of half-awned, and of awned wheats. Awnless forms were 
‘ partly dominant to half-awned and to awned, and half-awned forms 
to awned. He explained his results on the basis of multiple allelo- 
^morphs for half-awned and fully awned plants arising by complex 
mutation from the awnless plants. 

SPIKE DENSITY 

In crosses between species of wheat, rather dense spikc^s have been 
obtained in unusual ratios, but usually when vulgaro wheat has been 
studied in a cross with other vulgare wheats or with true TrUlmin 
compactum, rather simple segregations have boon found. There are, 
however, a few complex cases. 

Spillman {IJf), Gaines (5), Biffen (f), and others report simple 
segregations into 3:1 or 1:2:1 ratios. 

Hayes and Harlan {6) report that barley intornode length is a stable 
character and segregates in a distinctly reliable manner, a variety of 
homozygous lines being established in F 3 . Fmm crosses between two 
sorts varying in spike density they obtained true-breeding lines, 
similar to both parpts, in one case without any homozygous inter¬ 
mediate forms and in another case with true-])recding intermediates. 
Their genetic analysis seems to indicate one main-facd-or difference in 
one cross, two factor or three factor diffenmees in otliers, and in some 
cases in addition to the main-factor differences some minor modifying 
factors. . ’ ‘ 

Boshnakian {2) found spike density (U)rrelated with length of straw. 
He concluded that compactness in spikes was (’orrelated with a tend¬ 
ency to shorten the plant throughout. Sciuareheadedness was defined 
as a condition wherein the number of rachis internodes in the upper 
third of the rachis bore a ratio of not less than 1.33 to the number in 
the middle third. Squareheadedness was somewhat atFc(*.tcd by 
environment but was found to, be inherited. 

Parker {IB) crossed a wheat with a squareheaded vulgare 

form of intermediate density and obtained forms decidedly more lax 
than either parent. There was a series of forms of increasing density 
until the density of the compact parent was reached, Parker thought 
his paper “clearly pointed out the fact that the problem of the in- 
hOTtance of the character of laxness and denseness in the ears of 
wheat IS a much more complicate(i one than was previously im¬ 
agined. rhe importance of determining density by measuring inter- 
node length instead of making “eye classification’' is emphasized. 
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Nilsson-Ehlc (10) obtained dense, mid-dense, and lax forms from a 
(‘ross between compact and mid-dense sorts. The mid-dense parent 
(squarehead) was recovered in about 1 of every 64 Fa plants. He 
explained his results by designating the compact parent as CC 
LiLi L 2 L 2 and the mid-dense parent as cc hh I 2 I 2 . Li and L 2 were 
lengthening factors and C was a factor which produced short rachis 
internodes and also inhibited the expression of Li and L 2 . 

More ro(‘cntly Nilsson-Ehlc (11) has reported a mutation of speltoid 
types in a progeny of a cross of spelt X vulgare. One of his speltoid 
types again mutated to produce a subcompactum {11). Nilsson- 
Leissner (12) also reports similar findings as well as several chimeras 
in spike density and in branched spikes (ramification). 

Meyer (.9), who measured the length of rachis internodes in several 
crosses, found in one of them a 1:14:1 ratio of pure compact, inter¬ 
mediate and heterozygous combined, and pure lax. White Franken- 
steiner (internode length, of 5.3 mm.) was crossed with Eckendorfer 
(internode length, 3.75 mm.). The F 2 plants segregated in fornij^ 
vaiying in spike density from 3.74 mm. to 4.94 mm,, with the greater 
number of plants showing intermediate density. 

EXPERIMENTAL DATA 

The research work herein reported falls naturally into two parts, 
as follows: 

(1) General plant-breeding work on a cross between Dicklow and 
Sevier varieties of wheat. In this cross detailed genetic data were 
not obtained, but some yield data were obtained and some strains 
which were thought to be resistant to Puccvriia graminis tritici 
E. & H. 

(2) Detailed study of single and correlated chara(‘tors in a cross 
between Sevier and Federation varieties of wheat. 

DESCRIPTION OF PARENTS 

The parents used were Dicklow, a spring wheat commonly grown 
under irrigation; Fcnleration, a new variety introduced rather recently 
from Australia; and Sevier, a variety discovered about as recently 
in Sevier (\)unty, Utah. 

Dkjklow 

Dicklow wheat possesses the spring habit of growth and is medium 
late in maturing. The stems and leaves display a rather grayish- 
blue color just before maturity owing to a distinct glau(M)Usness. 
The stems are rather strong and coarse, and the leaves are broad. 
The spikes are awnless, though short beards or beaks are rather 
common at the apex, The glumes, are glabrous and white. The 
kernels are soft, white, and from short to mid-long. The spikes 
vary from an erect to a nodding position. The shape of the spike 
most common to the variety is mid-dense and clavate (clubbed at 
the apex). This latter character varies, depending on environment. 
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Fedekation 

The variety Federation has groat commercial importance in 
Idaho on irrigated land and is now being l)rought into Utah, where 
it is replacing the predominant variety Dicklow on land where 
lodging is bad. Federation has better standing ability and was 
therefore chosen as a parent to cross with Sevh^r, wliost'. standing 
ability is markedly weak. Federation has a distinct s|)ring habit, 
matui’es somewhat earlier than Dicklow, is about IT) to 20 cm. shorter 
of culm than Sevier and about 6 to 8 cm. shorter than Dicklow. 

Its spikes are awnless except for very short tip awns and an 
occasional apical awn, and the variety is classihed l)y CJIark, Martin, 
and Ball (S) as awnless. The spike is somewhat oblong, a trifle 
more dense than ordinary lax wheats such as Marquis, and is borne 
erect. The glumes are dark bronze to brown and the kernels are 
white, soft, and short. 

Sevier 

The variety Sevier has commercial importance in the Sevier 
River valley of Utah where there is some black stem mist occasion¬ 
ally. The straw is extremely weak and the grain lodges badly, 
although unless lodging is extremely severe, there is little loss, for 
Sevier seems to have a certain amount of resistance to the physiologic 
forms of Puccinia graminiB tritici that occur in this m^gion. It is 
extremely high yielding under favorable conditions, is somewhat 
drought resistant, and is also thought to be slightly resistant to 
alkali, though this has not been proved. The spike is awned and is 
somewhat laterally compressed, and though it is somewhat more 
dense than the spike of Federation, Sevier can not be classed as a 
club wheat. The glumes are bronze but not so dark as those of 
Federation. The kernels are white and in some pure lines are 
almost as hard as those of durum wheats, whereas in others the 
kernels are soft. In the pure lines used in the hybrids studied the 
kernels are hard but not so hard as in some of the other lines. The 
grain is.held firrnly in the chafl* and no amount of weatheilng S(K>ms 
to cause sh?attering, a fact which makes it a desira-ble i)arent to use 
both with Federation and Dicklow, as these, two varieties both lose 
considerable grain if left standing in the field any length of time after 
maturity, 

DICKLOWXSEVIEU CROSS 

In 1919, in an ejQfort to obtain improved strains of wheat, a large 
number of variety crosses were made between Sevier and Dicklow, 
;^e forenaost spring wheat grown under irrigation in this region. 
Both varieties were composite,' that is, each contained several or 
many pure lines, some of which were distinctly visible. In this 
first cross no record was made as^to wiiieh plants were used as parents. 
F 3 and F 4 homozygous lines were obtained, some of which were 
more dense and others more lax than either parent. Pure-line 
selections were made in both varieties, and numbers were assigned 
to each. In 1921 apd subsequently, yield data were obtained on 
l^hese pure lines and on hybrid strains as soon as they became avail¬ 
able. 
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In 1924 nursery tests were made under irrigation and in 1925, 
under dry farming. Table 1 gives the yield data for the irrigation 
test and Table 2 those for the dry-farm test. 

In both tables it is apparent that high yields and good straw 
strengtli were obtained in certain of the hybrids. In both cases, 
also, some of the best-yielding lines have weak straw. In the dry- 
farm tests, Sevier yields were very high, but this wheat is excessively 
woak-strawed. Tliere is considerable economic promise in the 
hybrids both for irrigat<^d farming and for dry-farming. For example, 
IV C 15, III C 8, and F 68 were thought to be promising and arc 
now being tested in plats. In the tests with irrigated spring wheat, 
HI C IS, F 22, F 68, and V C 8 have been used in plot tests. G 149 
has proved very rust resistant. 

Tablu 1 .— Yields of superior strains of DickloivXSevier hybrid vdieats, odds 
that they will he better yielders than DickloiVj shape of spikCy awn condition^ and 
straw strength {perfect erectness ^ 100 per cent) 

[Irrigutcul spring wheat, 11)24; average of four 3-row blocks, at Logan, titahl 


Spik(^ shape 

Compact club,, . .... 

Pedigr(‘e 

Aw-ns 

« A 
h a 
a 
A 

A 

A 

Acre yield 

Per cent 
(U’cetness 

S3 

76 

02 

83 

71 

92 

Odds 

1500; 1 

III C 
O 

a 

F 

P 

F 

18 

38 

205 

08 

72 

22 

Jimlicls 
70.1d:3.35 
08.9±3.29 
08. r)ds3.27 
08.5=fc3;27 
67.9=1=3.25 
07. ldk:3.21 

.- 

Medium elub .. _ ... ... . 


Faintly compact .... 


Compact club.... 

'i)o. ... 


Medium dub... . 

(1 

148 

A , 

67.0=fc3.20 

75 

400:1 

Long loose... . . 

U 218 

A 

67.0=1=3.20 

70 


(Vunpact dub- , ... 

IV C 

2 

A 

60. H=t3.19 

85 

_ 

Mcniuim dub. .... ... 

(1 

97 

a 

66.7=b3.19 

78 


Faintly compaci .. . 

C 

18 

A 

65.9±3.15 

57 


Medium elun.... .. . 

0 

10 

A 

65.7±3.14 

75 


(3ompact club.. .. .. 

V C 

8 

A 

65.7±3.14 

80 


Do ..... 

D 

10 


65.3=fc3.12 

74 


Long loose ... ....... . .. .. 

a 

175 

a 

65.0d=3.11 

82 


J)U- ..... 

U 201) 

a 

65.0d=3.11 

56 

145:i 

Medium dub... .. ... .. 

F 

32 

A 

04.7=1=3.09 

, 80 

142:1 

(hmipact elub. 

F 

24 

‘ A 

04.6=1=3.09 

89 


Long liamo 

(i 

A 

04.5d«-3.08 

01 


1)0..- ..... , 

A 

4 

A 

04. 5d=3.08 

78 


1)0. . . .. 

A 

4 

A 

04.5=1:3. OH 

i * 78 


Do. .- 

(} 

112 

a 

01.3d=3.07 

47 


Do ,. . .. . 

r 

■12 


04.0=fc3. 00 

77 


i)o . . 

u 

27 

-“a' 

03.8=1=3.04 

80 


Medium dul» . . . 

1) 

9 

A a 

03.5=1=3.04 

76 


Long loos(* ., . 

(] 

49 

A 

03. l:-i=3.02 

73 


-Do .. .. . . 

c 

10 


03. ,1±3.02 

82 

10();i 

Do ... .. ' 

(1 

31 


03.0=b3.01 

77 


i)o... .. 

c 

22 

a 

03.0=1=3.01 

05 

.. 

Comimct dub .. , .. 

p 

14 

A a 

62.3=b2.97 

80 


Jvoiig loose . -. 

u 

212 

A 

02.0=h2.90 

48 


Do ... ... 

u 

121 

a 

01.8=1=2,95 

43 


Compact dub , .. 

u 

IHO 

A 

01, 7=b2. 95 

75 


Do .. . ..... , . . 

■ (1 

84 

A 

01,7=b2.95 

HO 


Medium dub 

(} 

11 

A a 

01. 0=b2. 94 

80 


1)0 

c 

14 


01. 5d=2.94 

78 


. 

c 

9 


01.2=1=2.93 

82 


Faintly (!oinpu(U ...... 

' D 

5 

A 

01. 2=b2.93 

01 


(.ifiTiipact ebii) 

u 

122 

a 

01. 0=b2.92 

80 


Do .... .. 

V V- 

1 

A 

01.0d=2.92 

79 

30:1 

DOx - - . 

ii 

120 

A 

01 . 0d=2.92 

75 


Do .-__ __ _ 

Dick low 


49. 2=1=2.35 

79.6 

(Av. 50) 
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Table 2. —Acre yields and percentage erectness oj pure lines oj Sevier, of hybrid 
sirams of DicklowXSevier, and of the commonly grown dry-farm varicUcs 


[Dry-farm winter wh(‘.ut; average of three 3-row blocks grown In 1925 al. f/ogan, litahj 


Strain 


Aero Percent 

yield orectnoss 


Strain 


A ore Per (jont 
yield oreotness 


Sevier 86.. 

Busheh 

60. I=h3.08 
58.7±3. 01 
57.7±2.96 
57.0±2. 92 

VC 8.. 

rv G 15.... 

V C 2„ 

Sevier A. 

56.9=t:2. U2 
56.8=fc2.91 
55.7±2. 86 
55.4±2.84 
55.3±2.84 
54.'7±2. 81 
54.5±2.80 
54.1±2.79 

P 72. 

Sevier 161. 

Ill C 8... 

S27.. 

G 38. 

Sevier 125... 

F 68. 

Sevier 40. 

53.9±2.76 
53.4d=2.74 

Ill C 18. 

Kanred. 

53.4d=2.74 
52.9i2.71 
52.5±2.69 
51.6±2.65 
51.4db2. (i4 

Sevier 47 .... 

Sevier 128,.... 

IV C 9. 

Sevier S3. 

IV G 2. 

51.3±:2.63 

G 84. 

51.3i:2.03 

F 32. 

51. 2±i 63 
51. ld=2.62 
51,1±2.62 

P 144. 

P 42. 

G 149. 

48.8±2.50 
4a8=fc:2.50 

F 24. 



40 

58 

85 

33 

25 

62 

23 

83 


Sevier 34. 

Jiuahrh 

48.6±2.49 
47.8d=2,45 
47.6±2. 44 
47.6±2.44 
47.4±2. 43 
47.3±2.43 
47.0db2. 41 

F 22. 

Kofod... 

S 33. 

P 14.. 

Sftvier .59. 

Sevier .56 

S 26.! 

46.’ 7=t:2.‘ 40 


75 

,77 

20 


G 40. 

Br>____ 

S 39... 


4(1.4db2.38 
45. 9±2. 35 
45.8±2. 35 


80 

25 

03 

20 

38 

33 

92 

8 

87 

00 

r»8 

90 

75 

50 

77 


Sevier 31. 

Turkey.. 

P 6.. 

G 122. 

Odessa. 

G 175... 

R 128. 

S 21. 

Silver Goiii. 

R152:. 

G 148. 

Gold Coin. 

P42... 

a 97.-. 

Jones Winter Fife 


45.8±2.35 
45.7±2.34 
45.3rt2.32 
44.2±:2. 27 
43.4±2.23 
42.7=b2.19 
42.3=b2. 17 
4I.9=b2.15 
40.0±2. OH 
40. 00 

38.9=b2.00 
38. ld=i. 90 
37.3d:l.fil 
35.0d=1.83 
36.3shl.81 


40 

83 

7 

88 

88 

23 

38 

85 

45 

20 

92 

12 

38 

85 

83 

25 

70 

SO 

78 

87 
83 
83 
92 
08 

88 
78 


RUST TESTS 

In 1924, 55 pure lines from the cross Dicklow X Sevier were grown 
in the rust nursery at University Farm, St. Paul, Minn. Of these, 
two were found to be highly resistant. Three or four were segregating 
for resistance, and all the others were highly susceptible. The two 
resistant strains were G 40 and G 149. 

During the spring of 1925 seedlings of those two strains were sub¬ 
jected to greenhouse rust tests in which all the physiologic forms of 
black stem^rust of wheat then available in the pathology greenhouse 
at University Farm were used. Altogether 19 forms of rust wore 
employed. Under each yanoty in Table 3, where the data arc tabu¬ 
lated, the types of seedling infection are listed. Type 4 is a large 
uredinial pustule with little or no chlorosis. It indiiuites complete, 
^sceptibihty. Type 3 is a smaller pustule with some cldorosis. 
iype 2 IS a small pustule inclosed in a considerable area of hyper¬ 
sensitive tissue. Type 1 is an extremely small pustule with a dis¬ 
tinct margin of necrotic tissue. The most resistant type is not a 
pustule at all, but only sharp flecks, indicating that the rust has 
mtected the leaf but has been overcome and thrown off. Such infec¬ 
tion IS designated ''zero flecks'"' (0 f). 
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TABijii rcmimur of two Dicldow X Smer hybrids, as compared ivUh 

t,hni, of tfiiir parents and of MarquiSj to various physiologic forms of Puccinia 
gra m inis Iritici 

rrosts iit Uuivorsity Funn, Ht. Piuil, Minn.t l‘.>2rtl 


form 


II) „ . 
1! . . 
If) 

l‘u>su 17. 
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/Juno 10 
\Juno 17 
iMay 24 
lJuiK'. 17 
Juno 22 
IMay W 
iJiinii IH 
,May 25 
[Juno 17 
.y 21 ) 
[Juno 22 
iJuno 10 
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t.yiH.v-^ 


nioklow sood* 
lings showing 
infisolion of 
typo- 


Hovior S('c<l- 
lings showing 
infection of 
type- 


Q-40 seedlings 
showing infec¬ 
tion of type— 


QI4i) seedlings 
showing infec¬ 
tion of type— 
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Dipklow wan found to' bo ooiuploitdy HUB(‘.eptihlo to all 19 physio- 
logio. fonuH of Puixinia gramitm tritwi) whereas the Sevier parent 
showed some resistance. Pure line G 40 showed about the same 
resistamie as did Sevier. Pure lino G 149, however, was on the 
wliole eonsiderahly more resistant than either parent (see %. 1). 
.It is worthy of notice that G 149 was resistant to every form with 
which it was iiuxiulatod, which included all of the forms that have 
been known to cause epidemics in the United States. It is notably 
resistant to rust forms 9,17, 32, and 36, the last one of which severely 
damages Kaured. Because it arose in a varietal cross the exact 
parentage of G 149 is not known. 

Leaf-rust observations were also taken in 1925 at University 
Farm. About 75 per .cent of the Marquis wheat was infected as 
compared with 80 per cent of the G 40 and 22 per cent of the^ G 149. 
Tests by Melchers of 13 strains of the sanio cross in Kansas in 1924 
wshowed 10 completely susceptible, 1 slightly resistant, 1 moderately 
resistant, and 1 resistant, i. e., “many sharp flecks, few minute 
uredinia.'' 
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Just occasionally, it seems, there occum in the progeny of this 
cross a plant resistant to stem rust and to loaf rust. 

In 1925 another set of pure lines from the DicklowX Sevier cross 
was grown in the rust nursery at St. Paul. G 40 and G 149 were 
included and were again found to be highly resistant. One' additional 
pure line, G 84, was found to bo resistant, ftilly as resislant so far 
as this one test is concerned as G 149. Many other pure' liiu's W(>re 
segregating for resistance to rust, llesistant plants from the segr(v 
gating row of G 212 grown in 1924 were sown separately in 



Fig. 1,—Reaction of Marquis, Dicklow, hybrid (J 149, hybrid (MO, uiul Sovior wheats to iihysioloKic 
form 17 of Pvednia gramims tritici in the greenhouse. Marquis ((‘Xtreine lefl) was used us a (suiitrol 
and gave a 4 reaction. Dicklow, one of the parents (second from left), g»,ve n std’ouK 4 reaction (fully 
susceptible). Sevier, the other parent (extreme rigid.) gave a 3 reaction (soinewlint reslstnnt,). One of 
the hybrids between Dicklow x Sovior, G 40 (seconti from right), gave a 1 reaction. ''Phe other hybrid, 
G 149, gave 1 and “zero-flock'’ reactions (highly resistant), G HU was mt)d(»rut(‘ly to highly rt^slstant to 
all the 19 physiologic forms available for test 


All of these were infected to about the same e.xtont as G 40, G 84, 
and G 149. The artificial epidemic in 1925 was produced by spraying 
with spores of physiologic forms 1, 3, 9, 15 (?), 17, 18, i9, 21," 29, 
30, 36, 38, and 39. 

During the summer of 1925 both pure lines G 40 and G 149 were 
grown in the international uniform rust nurseries of the United 
States and Canada. A summary® of the tests is given in Table 4. 
Ceres, Kota X Marquis, Marquillo, Kota, and Progress showed 
marked resistance as dompared with Marquis. The percentages of 
infection in Kota, Kota X Marquis, and Ceres were, respectively, 
6.59,4.92, and 8.62, aS compared with 26.60 in Marquis and 30.89 in 
Preston. In this same test the percentage of rust in G 40 and G 149 
was 4.15 ^d 3.88, respectively, G 149 showing the least rust of any 
strain of Tntuum mlgare tested in 1925. 


IT ™ O'* 8’’®“ »V8T infection OF VIIEAT AND OATS OROWN 

AT DIFPEHENT STATIONS IN THE UNITED STATES AND CANADA IN 1925,] 4 tllbles. [I92fi.] [MilmcOgraphctl]. 
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Table 4. —Avcnujc percentage of stem rust on 16 varieties and strains of spring 
wheat grown in uniform rust nurseries at different stations in the United States 
and Canada in 10:3/) « 


Calculjitod percentage of infection 


(’lows, variety, and ciaval 
iiivi'stigatimi niiiuhcr 


<lreut 

Rej. 

Great 

aon 

South- 

South- 

East 

Average 
for all 
regions 



Jdains 

Hakes 

west 

east 

Canada 

Jliird Kwi: 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Haynes, 2S7>t. 

54.8 

25.2 

18.0 

5.1 

0.1 

T.i- 

23.95 

Ivlaniiiis, .* 

55. 8 

31.2 

24.4 

(5.0 

.3 

T.- 

20,60 

Power, ;{0U7.. 

(53. 6 

30.6 

23.9 

8.7 

.3 

T.-r 

28.71 

Ruby, 61117... .. 

4.5. 1 

28.7 

24.3 

(5.0 

*3 

2.0 

23.32 

.Mnrquillo, 6HiS7___ 

18. 5 

11.7 

8.6 

0 

T.- 

0 

9.80 

Preston, ;i6Sl... 

08. 5 

35.7 

22. 1 

7.6 

.1 

T. *r 

30.89 

Kota, 5S7« ... 

L5. 0 

6.8 

4.7 

2. (5 

T. - 

T. -r- 

0 ,59 

.Progress, 6002. 

KotaXMarquis, 6)808- 

24.2 

7.7 

0.9 

0 

0 

T -- 

lo! 12^ 

11.0 

3.0 

4.4 

T. - 

0 

T.4- 

4.92 

ManiuisXKansas, 7070..... 

52, 7 

20.7 

10.6 

0 

T.- 

T.*^ 

24.93 

(.ViTs, 6000.. 

17.3 

9.5 

7.0 

0 

,T.~ 

0 

8.62 

ParkerXMinnesota, 2222.. 

37.2 

21.0 

3.5 

0 


B.T. 

20.45 

Weighted average for 







Hard-Red groui). 

38. 6 

19.0 

13.7 

5. 0 

.1 

.2 

18.43 

White: 







Quality, 0607. 

3(5. 5 

22.3 

18.1 

0 

.3 

,1 

19.39 

Hittlo <^lub, ‘1060.... 

(5(5. 0 

33.2 

27.1 

14.2 

.1 

.2 

31.21 

nUiklowXSi'Vier, G 10. 

0. 7 

1.8 

1,0 

0 


0 

4.15 
3.88 

DicklowX,Sevier, 0 l-ltl. 

0,7 

J.2 

.5 

0 


0 

W(‘ighte<l averngi^ for 







Whit<^ group...... 

30.7 

14.6 

12.5 

8. 9 

.2 

1 

16.06 

« From mirm^ograiihed riqiort of Idivine and Stukinnn for the crop season of 1025. Lkvine, M. N., 
and 8TAKMAN, E. CX Op. eit. 


GENETIC STUDY 


Inasmuch as the Dicklow X Sevier ctoss proved extremely promis¬ 
ing from the standpoint of wheat improvement, a cross between a 
pure line of Federation and a pure line of Sevier (Sevier 60) was 
used for a genetic study of spike density and awns. Observations 
wore also made on the length and number of culms, on squareheaded- 
ness, and (in Fa) on thickness of neck, i. o., the diameter of culm 
measured just below the spike. 

The cross was made in 1922 at the Utah Agricultural Experiment 
Station, Logan Utah. The Fj plants were grown at Logan in 1923 
and the Fa plants at Ijogan in 1924. The writer entered the Univer¬ 
sity of Minnesota in June, 1924, and after harvest, shipped the plants 
1.0 University Farm, St. Ihuil, the plants having been pulled by the 
roots atul itackcid (uii’efully. 

The hyl)rid plants w(U‘o in 8 families, 5 of one cross (Sevier 60 X 
Federation) bc'.ing numbered consecutively from_ 1 to 5. Family _4 
was the largest and most uniformly developed family, and for this 
reason was (diosen for the most detailed study. Observations were 
taken oti families 1 to 3 in a somewhat, but not e.xactly, similar 
manner. I'amilios 6, 7, and 8 wore of another cross, Sevier G 101 
X Federation. 

Method or Taking Observations and Studying Data 

The lengths of the culms were determined by placing the roots 
against a footboard nailed perpendicular to another board laid 
flat on a table. Centimeters were marked on the table board. 
This permitted a rapid reading of the length of the culm to the base 
of the spike. The length of the longest culm was read first and that 
of each succeeding shorter one in order. 
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The plants were classified with respect to awn types into g:i’<)ups 
1 , 2 , 3 , and 4 . The plants in group 1 had only short l)euk awns, 
with an occasional apical awn. The intention was that this class 
should be comparable with Federation. Group 2 consisted of 
plants with intermediate awns, as nearly as possible like thos(' of 
the Fi plants. Group 4 was fully awned, as is Sevier, vvlu'reas group 
3 was part way between groups 2 and 4. In group 3 the awns varied 
considerably in length, the apical awns were full h'Ugth in some 
cases, but toward the base the awns were very short. There was so 
much variation in length of awn, especially in groups 2 and 3 , that 
definite separation was difficult. Spikes showing iho range of each 
awn class were kept constantly at hand to assist in classifying any 
given plant. 

r The length of the rachis in millimeters was taken from the node 
at the base of the spike to the base of the uppermost spikclet. The 
number of spikelets attached to the upper third and the number 
attached to the middle third of the rachis were ciounted. The 
ratio between these became the index of sqmirehcadedness. Thick¬ 
ness of neck was measured on a loading culm wdth vernier calipers 
to the nearest tenth of a millimeter. Spike density wuis ascertained 
by measuring in millimeters on the spike of the same loading culrtii 
the length of that part of the rachis that extended from the l)ase of 
one spikelet to the base of the sixth one above, i. e., the length of 10 
rachis internodes. Care was taken to avoid the int.ernodes near thc 
base and those near the summit of the spike lost these should vary 
in length from those near the middle. 

For the F 3 generation, which was grown at Logan, Utah, in 1925, 
random selections were made from plants which were rcpi*esented on 
certain sections of the spike-density curve of family 4 . Twelve 
sections on the curve (see fig. 3, top) were selected for study, and the 
first six plants, as they occurred in the record book, were taken, as 
a random sample of that section of the curve. These, were sown in 
the order in which they occurred in the record, bc^ginning with the 
plants represented by the more dense end of the ctirve. 

The F 3 generation lines of family 4 were sown in i‘ows 1 foot apart 
and 12 feet long, about 50 kernels to the row, wliidi resulted in 
about 40 matxire plants. Each parent was sown in a similar manner 
in every fifth and sixth row. In families 5 and (> all th(^. phmf.s were, 
sown, 10 progeny rows being followed by 1 row of (Mich parents 

In family 4 the same data were collected in as in save that 
the thickness of neck was not measured. In family 5 only the 
awn data and the length of 10 rachis internodos were obtained, and 
in family 6 only the awn data. , 

The F 2 data for each plant were listed on a separate card, and 
each character was studied by itself. Afterward, a correlated stucly 
of ” Ae most important characters was made by calculating the 
coefficient of correlation (r) and the correlation ratio (??), 

Awns 

in the cross between a pure line of Federation X Sevier GO, F 2 
families 1 to 5,^ inclusive, were classified for the four awn typ('.s 
previously described. Figure 2 shows the range in awn length for 
each of the four awn classes. The number of plants in each awn 
group in the five F 2 families is shown in Table 5 , ' 
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JB'kj, 2.—Thfi four classes of awns in the Federation X Sevier cross. On the extreme right are the two 
parent#?. F^aderation (above) and Sevier (below). (Above, left to rigid). Awn class 1 (awnless); awn 
class 2 iCshoii nwn tips); awn class (short-tip awns in lower half of spike and part-length awns in upper 
half); ^)vn tjagg 4 (fully awnod)* (Mow^ leJHo right). Awn class 4; awn class 3; awn class 2 , and awn 
class r ’ ‘ . 
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Table Classification oj five families of F 2 plants acamling to four a urn classes, 
{Sevier OOy,Federation)'^ 


Family 

Number of plants in awn classes 

1 

Awii- 

luss 

Short 

awii 

tips 

3 

Awns 
sl»ort at 
base of 
spil{(^ bnl 
longer 
at a|)ex 

Fully 

uwiiml 

1 

4fi 

194 

.53 

r><i 1 

2 

38 

90 

21 

23 

3 

41 

93 

24 

29 ! 

4 

91 

192 

41 

1 

5 

74 

lOG 

18 

r.0 1 


" See fig. 2 for illustration of awn cltusses. 

In F 3 there were 74 separate progenies of ¥ 2 ^ ])lants chosen at 
random from 12 selected sections of the spike-density curve of fainily 
4 . (See fig. 3 .) Separate F 3 progenies of all the F 2 plants in families 
5 and 6 were grown. There were 248 F 3 families in family 6 and 245 
in family 5. 

In family 4, the 74 F 3 families consisted of progenies of 14 Fg 
plants classified as having awns 1, 37 plants (‘iassilied as having 
awns 2, 7 as awns 3, and 16 as awns 4. In order to show the nature 
of awn behavior in the F 3 families, the detailed awn data for family 
4 are given in Table 6 . 

Table 6 .— Fz breeding behavior of plants classified in Fz into 4 classes on the basis 

of awn characters 


[Family 4; grown in 1925 at Logan, Utah] 
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Fio. 3.—Spike density curves of the Federation and the Sevier parents and of I? a and Fsfainilios. (Top) 
Fa spike density curve of family 4, with curves of parental spike density superimposed. Vertical dotted 
linos divide the Fa curve into 12 sections; 0 or 7 of tne plants which each section represents wore chosen ^ 
random to be used as mother plants of Fa progenies. (Middle) Fa spike density curve of family 5, with 
the curves of parental spike density superimposed. Grain of all the Fa jdants of family 6 was sown for 
Fa progenies. (Bottom) Curve of mean splice density of homozygous Fa families, with the curves of 
moan density of parental rows’superirnposed. All heterozygous families are omitted 

25(^0l)™27-G 
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The Fa showed the following behavior for awn classes: 


Number of Fs families 
for— 

Awns 1- 

Awns 2_— 

Awns 3_ 

Awns 4_ 


breeding true 

_ 4 

2 

2 


Number of F.i fainilubs 
for— 

Awns 1,2.. 

Awns 1, 2, 3. . 

Awns 1, 2; 3, 1. 

Awns 2, 3, 1 (or 2, 4) 
Awns 3, 4 „ 


s<‘gregating 


4 

12 

25 

12 

() 


In family 5, the seed of 247 ¥■> plants was sown, one being omitted 
because of too few kernels. The plants of each E's family were classi¬ 
fied according to awns. A summary of the data is given Ixdow: 


Number of F3 families breeding true 
for— 


Awms 1_ 13 

Awms 2...— 7 

Awns 3_ 4 

Awns 4_ IS 


Number of Fa fa.nulichs sc^gregatiug 
for— 


Awns 1, 2___ 41 

Awns 1, 2, 3...„ 17 

Awns 1, 2, 3, 4„,. (K) 

Awns 2, 3, 4 (or 2, 4)... 49 

Awns 3, 4----- 7 


In family 6, an Fs progeny of every F2 plant was likewise gnjwn, 
each in a single row. The 40 or so plants in each row were classified 
and the data summarized by families, as follows: 


Number of F3 families breeding true 
for— 


Awns 1. 29 

Awns 2--.— 7 

Awns 3_ 0 

Awns 4_ 21 


Number of Fa families segregating 
for— 


Awns 1, 2. 57 

Awns 1, 2, 3. 4 

Awns 1, 2, 3, 4. 70 

Awns 2, 3, 4 (or 2, 4)..._ 49 

Awns 3, 4. 11 


An examination of the summaries of awn behavior shows that in 
the F2 generation of families 4 and 5 there occurred 9 genotypes of 
plants according to awn-breeding behavior in F3, Four of these 
bred true^nd 5 segregated each in a distinct manner. In family 6 
there were 8 genotypes, no F3 family being found that bred true to 
awns 3/ ^ 

On a basis of total F3 families, the ratios of families that bred fame 
for awns in various ways suggest a two-factor diirerence for awns, 
A strictly independent segregation would give approximately c<iual 
numbers in each of the four classes that bred true. Tluu‘e are, 
however, uniformly greater numbers in awn (dasses 1 and 4^—the 
parental types—than in 2 and 3. This, and the distribution in the 
segregating classes, suggested linkage. It was found that as good 
fits as could be expected were‘obtained when the two factors for awns 
were considered to be so linked as to produce gametes in the proportion 
of 1.8:1:1:1.8. 

Let us designate full awns, such as occur iii the Sevier parent, by 
AA TT (awn class 4); long apical awns but. short lateral awns (awn 
class 3) by AA tt; short but well developed tip awns (awn class 2) 
by m TT] and awnlessness such as occurs in the Federation parent 
by aa tt (awn class 1). In strictly independent inheritance the four 
gametes AT, At, aT, and at would be produced in equal numbers. 
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In the degree of linkage lioro suggested, the gametes are produced 
1.8 AT: 1.0 At: 1.0 aT: 1.8 at. On this hypothesis the number and 
sort of gametes produced in F| and the number and sort of zygotes 
which would be expeeded in P2 are given in Table 7. 

'I'ahi.k 7. ThiwHimt numher and xnrt of gamctcn produced hy Fi plants; Ihco- 
i'tiicid tiumhvr and mH of zygotic, vomhinatiom resulting in 



1.8 .1 T 

1.0 A t 

1.0 a T 

1.8 a/ 

1.8 .1 T 

-1/1 TT 

1.8 A A Tt 

1.8 ylrt TT 

3.24 Aa Tt 

1.0 At 

1.8 -1.1 77 j 

1.0 A .1 tt 

1.0 .la Tt 

1.8 yla n 

1.0 aT 

1.8 .Iff TT ! 

1.0 -la Tt 

1.0 aa TT 

1.8 aa Tt 

1.8 (U 

! 8.1M Aa Tt \ 

1.8 -la H 

1.8 aa Tt 

3.24 aa it 


(1) ;^24 /LI TT. 

(2) ;10 A A Tl. 

(3) 3.() Aa TT, 

(4) K4SAaTt. 

(5) Li) A A ft. 


(G) 3.G A a U, 

(7) 3.6 aa TL 

(8) l.OaaTr. 

(9) 3.24 aaii. 


The expected breeding natun! of the 9 genotypes is indicated here: 


(1) Brood true for avviw 4. 

(2) 8(^grcgiite tor awns 3, 4. 

(3) Segregate for awiiH 2, 3, 4. 

(4) S(‘gregatc for awiiH .1, 2, 3, 4. 

(5) Breefl true for awnn 3. 


(6) Segregate for awns 1, 2. 

(7) Segregate for awns 1, 2. 

(8) Breed true for awns 2. 

(9) Breed true for awns 1. 


Of the 9 sorts of genotypes (1), ( 5 ), (8), and ( 9 ), are the true- 
breeding forms for awn classes 4 , 3 , 2, and 1, respectively. Genotype 
( 4 ) is of the same composition as the Fi and its phenotype essentially 
like awns 2. Genotypes (2) and ( 3 ) are each homozygous for one 
dominant factor and heterozygous for the other, (2) being heterozy¬ 
gous for 'Tt and ( 3 ) for Aa.. The progeny of these two groups of 
l)lants apparently have a range in awn length that extends from class 3 
to class 4 . Since these two types of segregates could not be satis¬ 
factorily separated in Fi they were placed together in oho class. 
Genotypt^s (li) and ( 7 ) differ only in that (6) is homozygo’us recessive 
for tt and heterozygous for Aa, whereas ( 7 ) is homozygous recessive 
for a.a and li('t(wozygous for Tt. These two groups wore also deemed 
nonsc'parable and W('ro therefore ])laccd in one group. 

The Fa g(motyj)es of families 4 , 5, and 6 were detetnjined by the 
Fa breeding behavior, and the F genotypes were classified for awns 
on the basis of Fa breeding behavior. Families 4 and 5 were from 
crosses of the same pure linos, but fanwly 6 was from a cross of the 
same pure line of Federation by a'different line of Sevier. Since 
family 5 consisted in Fa of progenies of all the Fa plants, it was studied 
first. Its closeness of fit to the calculated expectancy on the basis 
of linkage, with 35 per cent crossing over, is shown in Table 8, where 
the calculated expectancy, the observed numbers, X^, and P are 
given. Similar data and the closeness of fit for families 4 and 6 are 
given in Tables 9 and 10, respectively. 
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Table S.—Calculated (C) and ohserred (0) numbers of plants in each awn proup 
of F 2 genotypes as determined by the breeding beharior 

[Family 5; Rrown in 11)25 at Lostin, Ut.ahl 


Genotyi>o 

r 

() 

('^0 

((' 0) ' 

((' ()) 1! 

(’ 

AA TT.. . 

A A Tt . 

23.28 

1 51.89 

18 

56 

5.28 

-4. 11 

27.H7S4 i 
1(5.81)21 j 

1.11)7.5 

. 325.5 

Aa TT . 

AaTt _ 

^ 61.12 

(56 

-4.8S 

23. Hist i 

. 3.S97 

AAtt . 

7.21 

1 51.81) 

4 

3.21 

10.3011 1 

1.4201 

Aatt . 

58 

-6. 11 


,7191 

aa Tt . 

t><. 1 ; 

aa TT . 

7.21 

7 

•0. 21 

.0441 i 

.0061 

aatt .. 

23,28 

IS 

5.28 

27.8784 1 

1. 107.5 






Total_ 

226 

227 

P=.5HS 

2(5.56 







Table 9. —Calcnlated {C) and ohserred (0) numbers oj plants in each awn group 
of F 2 genotypes as deiermined by the Fs breeding behavior 

[Family 4; grown in 11)25111 Logan, ITtahl 


Genotype 


A A TT--,. 

A A Tt . 

Aa TT.*... 

Aa Tt . 

AAtt . 

.4a «. 

aa Tt . 

ua TT . 

aatt . 

'Total. 


7.(55 
1(5.91) 

20.01 

zm 

16.99 

2.3(1 

7.65 


74 


74 


(M) 


0. (55 
-l.OI 

-4.1)1) 
0,3(5 

,1)9 

.ao 

3.(55 


((^O) a 

0. 4225 

1.0201 

24.1)001 
. I2i)(! 

.1)801 

.1211(5 
13.3225 


((M)) a 
C 

0.0552 
, 0(500 

1.2444 
. 0541) 

. 0577 

. 05411 
1.7415 


P« 0.7734 A"'-!--r 3.2(58(5 


Table 10. —Calculated (C) and observed {()) number of plants in eaeh awn group 
^of F 2 getioiypcs as detcr^nined by the Fw breeding behavior 

• [Family (5; grown in 1925 at Logan, IKahl 


Genotyiio 

G 

0 

C-0 


((' <)) a 

C 

AATT .! 

AA Tt . 

Aa fT . 

25.31, 

21 

4.31 

IH, 5761 

0,7331) 

} 56.25 

57. 

-0.75 

, 5625 

, OlOO 

AaTt . 

66.2.5 

70 

-3.75 

14.0(525 

. 2123 

AAtt .i 

Aatt . 

Aa tt . 

7.81 

\ 

0 

7,81 

(50.1)9(51, 

7.8100 

1 56,25 . 

(51 

-4.75 

22. .5(525 

.4011 

aa TT. . : 

7.81 

' 7 

0.81 

.6561 

. 0840 

aatt . i 

! 

25.31 

29 

-3.69 

,13. (51(51 

. 5380 

Total. 

24.5 

^245 

, P-'. 1349 Xa«l),' 

7893 


Tables 8 and 9 show that families 4 and 5 are very close fits to the 
calculated expectation on the hypothesis of two linked factors with 
a crossing over of 35 per cent. The value of P for family 5 was 0,5118, 
which shows that in 51 cases out of 10.0 a worse fit might be expected 
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from (‘Imnco alono. Fafuily 4 {javo a littlo liighor valuo. for P, indi¬ 
cating anotiu'r alniosl^ pcrfc'ct (i(. Tn family (i, however, P was only 
0,1340, whi(4i indicates that, owing to random sampling, a woi-s'e 
result might la* cx|)c<‘tc<i oime in 7 or 8 trials. 

Tt may tlu'ccforc' he safely concluded lliat the F 2 genotypes as 
ciassifi(‘d by fhe Kn hrecaling behavior rather highly substantiates 
tlu' presence of I wo factors for awns, bof h in the same chromosome, 
with crossing ov(‘r to the cxl.('nt of about 35 i)er cent. 

Threi'. things must b<' <lon(i, howc'ver, to establish definitely the 
correctness of the liypotlu'sis. ( 1 ) The linkage must be tested. If 
the t.rue-bna'ding forms for awns 2 and 3 wore crossed, the linkage 
could be h'sted, since the factors would then be linked in the opposite 
way, i. e., in a repulsion series. The e.vpected gametic ratio would 
then be 1.0 AT: 1.8 At: 1.8 aT: 1.0 at. A larger number of forms* 
brec'ding true for awn classes 2 and 3 than for awn classes 1 and 4 
would ho expected. ( 2 ) A l)ack-cross between the Fj and the 
parental homozygous double recessive must be made. This would 
show in th(‘ next g(>n<*ra(.ion the ratio of gametes ])roduced by the Fi 
plant. (3) A cross Ix'tw'een the tnuihreeding forms of awns 2 and 3 
and the double recessive Federation parent must be made. This 
would demonstrate the correctness of a one-factor difference between 
each of the.se and F(aleration. In this third tost it would also bo 
int.(U‘(wting to know the, behavior of the progeny of the same crosses 
with the double homozygous dominant as well as with the recessive. 

iSpiKE Densitv 

All of the 8 Fj plants produced somiclubbed spikes, i. e., though 
they were not measured for internodc length, they were visibly of 
intennediate spike density. The F 2 showed a wide and striking 
variation in average length of rachis internodes, some segregates 
being far more compact and others far more lax than was the case 
with either parent. 

Table 11 gives the data on length of internode for families 4 and S 
and for a small numbei- of plants of each parent grown in .a single row 
in the same part of the field as the F 2 families. 

In F 3 , 74 plants of .F 2 were sele<;tod at random from various parts 
of the i'reuuency curve for spike density of family 4 (see fig. 3, top). 
'Fhe Fs planting plan was so arranged that each four hybrid Fa 
families had a row of Federation jind one of Sevier on each side, i. e., 
there was a row of each parent then four hybrid rows followed by a 
row of each parent and these by four hybrid families until all were 
seeded. There were about 40 plantg in each row, a leading spike of 
each of which was measured for density. The same procedure was 
followed for family 5, save that progeny of all the F 2 plants were 
sown and the parents occurred only after each 10 F 3 rows. Two 
hundred and forty-seven F 3 progenies of family 5 were tested for spike 
density. (See fig. 3, middle.) 
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Table ll.—Numhcr of planta of Sevier, of Meralioo, and of the }i!dfi'idi< hdirecn 
Sevier and Federation groitpcd into clauses according to the am'agv length of raehis 
internodes (the length in millmeters of 10 inkrnodes was mtmnrcd in the nuddlc 
of the head of one main culm on each plant and the length of one Inter node, obtained 
by pointing off 1 decimal place) 

[Grown in 1021 at Gtnlil 



To determine how soil heterogeneity affecd-cd the variability of the 
mean internode lengths of Sevier and Federation, coeflieieuts of cor¬ 
relation were calculated for the adjacent rows of Sevitu* an<l Federa¬ 
tion 1 foot apart, for the rows of Sevier G feet apart, and for rows of 
Federation 6 feet apart. The same calculations were made for family 
5. In family 5, however, the two Sevier rows and the two F(Hlcratioii 
rows were 12 feet apart. The coefficients of correlation (r) are given 
in Table 12 . 


Table 12.— Correlation coefficients of spike density between rows of Sevier and 
Federation 1 foot apart and between cacti pair of two rows of Sevier and Federa¬ 
tion 6 feet apart, in family 4) and 12 feet apart in family o 

[Grown in 1925 at Logan, Utah] 



Strains 

C'oolllc’uuit 
of correla¬ 
tion ill 
family 4 

Coeflleient j 
oft'orrela- 1 
tion in 1 
family ' 


Federation X Stwier. 

+0.421 

4*. 2()K 
104 

■Id). 571) 
01)2 


He vierX Sevier. 


FetiorationX Federation. 

004 


Table 12 shows that the spike density of adjacent rows is definitely 
correlated, but that rows 6 feet apart and 1 () feet apart do not vary 
significantly in the same direction. The results iudi(uit(‘- the extent 
of variation in spike density which results from the soil lieterogeneity 
of the field. The amount to which total variability in mean intornode 
length is dependent upon soil heterog eneity can be dc’^termined by 
substituting r in the equation ?;=1 —^1 —where v— variation in 
percentage. In these tests the variation is found to bo from about 
10 to 15 per cent. 

mean spike density of each F 3 family was obtained, and the 
coefficients of variability (C. V.) of the individual rows were calcu¬ 
lated. A study of this constant for each family showed whether the 
lamily was breeding essentially true or was .segregating. Table 13 
shows the mean spike density classes and the coefficient of variability 
classes of rows of each parent and of three groups of F 3 hybrids, 
namely, those breeding essentially true for dense spikes; those 
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segrogating lor spike density; and those breeding essentially true for 
lax spikes. Table 14 gives similar data for family 5. 

The parent rows .sown with the hybrids of family 4 had coeflicients 
of variability (C, V.) ranging from 4.50 per cent to 9.34 per cent in 
the case of Federation, with a, mean coefficient of variability of 7.40 
j)er cent for the 24 rows. In the case of Sevier 60 the range was from 
4.50 to 15.41 per <‘.cnt and the mean was 7,40 per cent. 

For the homozygous dense group the range in the calculated coeffi¬ 
cients of variability was from 7.46 to 13.14 per cent, with a mean of 
10.34 per cent. In the heterozygous group the range in the calcu¬ 
lated coefficients of variability was from 24.82 to 52.30 percent, with 
a mean of 33.27 per cent. The mean for the homozygous lax group 
was 7,45 per cent, with a range from 4.55 to 10,71 per cent. In 
family .5 the ranges and the means of the coefficients of variability^ 
were essentially the same, the means being 6.87 per cent for Feder¬ 
ation, 7.16 per cent for Sevier 60, 9.90 per cent for the homozygous 
dense segregates, 33.70 per cent for the heterozygous, and 7.47 per 
cent for the homozygous lax segregates. 

Table 13.—/Spi/ce density classes of the means of Bevier and Federation parerdal 
rows and of the families and coefficients of variability classes (C. F.) of the in- 
dividual rows of the Sevier and Federation parents and of three groups of hybrids — 
U) those homozygous for dense spikes^ (2) those heterozygous for spike density^ 
and (S) those homozygous for lax spikes' 


[Family 4; grown in 1925 at Logan, Utah] 
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Table 14.— S^ike density classes of the moans of Federalion and i^cvlvr parental 
rows and of the families and coefficients of variability classes [C. ]'.) of the 
individual rows of the Sevier and the Federalion parents and of three groups of F^ 
hybrid families—(!) those homozygous for dense spikesy {:J) those heterozygous 
for spike density, and (S) time homozygous for lax spikes 


[Family 5; t?i*owii in l!>2r) at. L()ti:an, Utahl 



The calculated coefficient of variability for ea(‘.h of the fatnilicfc^ 
shows which aiT. breeding relatively true and which are segregating 
for spike density. The difference between mean coofficienhs of 
variability of 10 per cent for those breeding true and 33 per cent for 
those segregating is so great,.as to make certain which rows am 
homozygous or nearly so. 

In family 5 grain of each of the Fa plants was sown. Of the 247 
Fa families, 59 bred true for dense, 64 for lax, and 123 segregated for 
density (see fig. 4). Table 15 gives the calculation for closeness of 
fit on a one-factor difference for spike density. 
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Tablio 16. ~—(.Uoi^(mefis of Jit of three groups of families compared with the 1:2:1 

segregation 

IKiimily .'i; grown in 102r» tit JiOgtin, (Jttih] 


(Ironp 


IIonioKygous ilonso 

llotcimygous. 

Uomoy.ygons 


i a 

i) 

‘ 00 


(C^O)u 

~C 

(ii.rn 

55) 

2. 75 

7, 5625 

0.1224 

i J 2 a.r>o 

123 

.50 

. 2500 

. 0020 

i 61.75 

64 

2. 25 

5. 0625 

. 0820 

1 



0,2064 


Sin< 5 C is loss than 1 , the probability is very great that the pro¬ 
posed hypothesis is essentially correct. Family 5, in which 247 F 3 
families were measured, shows a very close approximation to a 



Kiti, 4, «i)Ikos of Fa phints of family 4 in thtj cross Iwtwotm pure lines of Fc<ipnition an<i 

Sovlor. when tested In Fa siU the forms in the top row proved honuwygons for dcnvse spikes; thoso in the 
bottom row homozygous for hix spikes, and thoso in the middle row h(».torozygous for density. There 
was a very (slose approximation to a ratio of 1 dense: 2 heterozygous; 1 lax, indicating one major factor 
(iUrerence for spike density. Then's are in each major group smaller inherited diiTerences in spike density, 
whi(!h indicate that; in addition to the one major factor there is a series of minopfactors involved in the 
inheritance of spike d(msity 

1 : 2:1 ratio. This suggests that one main factor is involved in the 
inheritance of spike density. 

That spike density in the Sevier X Federation cross has involved, in 
addition to one main factor, several-minor factors is evident from the 
fact that one parent was not recovered at all. By referring to Figure 
3 (bottom), it can be seen, however, that the least dense family of the 
homozygous dense segregates is so near to the most dense row of 
Sevier that if the 10 .„to 15 per cent variation due to soil heterogeneity 
be allowed for, it might be considered that there was one F 3 family 
in which the density of Sevier was recovered. Since there were 247 
Fa families in family 5 and 74 in family 4, the number of segregates 
breeding triio to the spike density of the Sevier parent is so small as 
to make clear that* several minor factors are involved. 
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This is also borne out by the range of mean densities of (ln> lumiozy- 
gous dense and homozygous lax families. A suiumtiry of the range 
of densities in the parents and in the F, families is given m Table Hi. 

Table 16 .—The ramje of memi spikr demiUcti and the tiirnn of nir.an spikr drn,sides 
of Federation and 'Seimr rown and of three (jroirpis of h\ families amt eoejfleiend 
of variability {C. F.) of the mean npiku densities of Fedentdon and Seelvr rows 
arid of Fs families 


Parent or segregates 

Kange of spike deiisiiics of 
Federation and S<‘vier 
parents and of Fa fam¬ 
ilies 

Mean spike i 

sity of parents 
and Fit fainillos 

(V. of mean spike 

1 densities of pur- 

: eats and F:i fum 

ili(ss 


Family 4 

Family 5 

1 Family 4 

Family 5 

1 Family 4 

Family 5 

Federation. 

Sevier.-. 

Homozygous dense. 

Heterozygous. 

Homozygous lax. 

4.567-r). 251 
35.92-40.12 
1.945-2.782 
2.925-4.495 
4.732-(L 911 

4.0.5.5-,5.237 
3.13.5-4.022 
1.952-2,825 
2.437-4. ,502 
4.1 lO-0.794 

4. KSO i 
37.58 ! 
2.2155 1 
3.7HI 1 
.5,8(59 

4.752 
,37.21 

2.325 
3. (5HK 
.5.00(1 

: 3.2s 

i 2.45 

i iO. 50 

10. 03 
! T. W 

5.47 
5.47 
10.07 
10.40 
10.03 


The coefficients of variability of the mean densities ol' the 20 parent 
rows sown in the family 4 plot were only 3.28 per cent- for K(Kl(U*ation 
and 2.45 per cent for Sevier 60 as compared with 10.50 \m* cent for 
the homozygous F 3 families and with 7.10 per cent for the homozygous 
lax families. The same figures for family 5 are all noticeably larger, 
probably because of greater soil heterogeneity residting from the 
fact that the larger number of.rows covered about three times as 
large an area of land. The figures for family 5 are 5.47, 5.47, 16.67, 
and 10.63 per cent, respectively. 

On an average, the variability of the means of the homozygous 
F 3 families is about 2 to 3 times as great as that of the 20 to 24 parent 
rows planted at frequent intervals. This, added to the fact that 
there is a series of small steps throughout the range of variation in 
mem spike densities, points rather strongly^ to a series of minor factors 
which modify the expression of the one major factor for spike density. 

As yet there has been found no genetic hypothesis that will explain 
the fact of wide transgressive segregation of spike density in both 
directions' and still account for the very infrequent recovery of the 
spike density of one of the parents. 

SqUAUEHK AU ED N ESS 


The squareheadedness of the 74 F 3 families of family 4 whicdi were 
grown was obtained by calculating the ratio of the number of rachis 
internodes in the middle third of the rachis to the number in the 
upper third. This calculation was made for 20 rows of about 40 
plants each of the two parents as well as for the F 3 families. The 
frequency with which rows of the Federation and the Sevier parents 
and of the F 3 families occurred when put in classes according to mean 
squai^headedness and in relation to their calculated coefficients of 
Table 17. The means of the squareheadedness 
of Federation ranged from 0.99 to 1.17, with a range in the coefficients 
of vari^ility of from 9.59 to 19.43 per cent, the mean being 14.84 per 
cent, ihe range in the mean squareheadedness of the rows of 
Sevier 60 was from 0.77 to 1.08. The range in the coefficients of 
vanabihty was from 10.85 to 21.88 per cent, with a mean of 16.30 
+ 1 squareheadedness of the F 3 families ranged 

from 0.90 to 1.30. Their smallest coefficient of variability was 10.13 
per cent and the largest 29.24 per cent. The mean was 15.81 per cent, 
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Tablk 17. -Fmjuvncif dUiribuimn of rowa of tlw Federation and the Sevier parents 
and of f'/f. F;ifanii!i(:s (trranrfed. in rktsscfi according to the mean squareheadedness 
and according to the size of the eoi\ffiemUs of variability 

[Ktiinily I; j'rown in 14125 at LoKaii, I'tahl 



The distribution of tlie rows of each parent indicates a genetic 
dillV.rencc^ in squareheadedness between the Federation and the Sevier 
parents. The variations in sciuareheadedness are so p:reat as to make 
iinpossibl (4 an a(‘cui‘ate study of the inherittmee of this character. 
Though the Fa fainiles have a somewhat wider absolute range of 
sciuareheadedness and of coefficients of variability, the distribution of 
the Fa families into each group does not give much greater calculated 
(‘oefficuents of variability than thosc-for the parents. No correlation 
for squareh(uidedn(’‘.ss was found b(‘>tween F 2 plants and F 3 families. 

".rALLKBT CUUM • 

The plants in the F» faniili(',s of family 4, together with the plants 
from respeedivt'. rows of ear’ll parent, were measured in order to 
ascertain the length of the tallest culm. The average height of the 
shortest row of Federation was 92.2 cm. and thak of the tallest 
1 () 6 .B cm., the mean height being 99.8 cm. For Sevier 60 the average 
height of the shortest row was 112.8 cm., and that of the tallest 
126,3 cm., with a mean height of 119?! cm. For the 74 F 3 families 
the mean height of plants in the shortest family was 99.0 cm. and that 
of the tallest family 135.3 cm.j with a mean height of 111.4 cm. 

The frequency distribution of the means of both parents and of 
the means of the 74 F 3 families when grouped in classes according to 
the heights of plants and the coefficients of variability is shown in 
Table 18. From the table it is apparent that them was a distinct 
difference in the lei)gth of the tallest culms of the two parents. The 
means of culm lengtlis in F 3 families were more variable than those 
of either parent. This is shown by the fact that the coefliciont of 
variability of the means of the Fg lines is 5.29 per cent, whereas the 
mean coefficient of variability of Federation is 4.54 per cent, and 
that of Sevier 3.63*per cent. 
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Table l^.—Frequmcy distribution of roivs of the Faieraiion and thr Srrhr imrvnts^ 
and of 74 Fs families arranged into classes according to height of the tallest culm 
in centimeters anti according to the size of the cnefficienls of rarlahilitg 


[Fiimily 1; Krwvn in l‘JL‘5ir» Lcifjsui, I'lulif 



The^ distribution of the means of the parental rows in classes 
according to the average height of the plants in relation to coolIi(‘.ient 
of variability classes indicates a genetic difference between the 
Federation and the Sevier parents. The mean heights of the Fa 
families range from a little more than the average height of the 
shortest row of Federation to somewhat more than the average height 
of the tallest row of Sevier. 

These results indicate that there was segregation for this character, 
but that its nature can not be accurately determined from lilie data 
available. 

COEHELATION STUDIES 

A study was made of F 2 plants to find out whether certain, plant 
characters were correlated. The observations on each plant were 
taken separately, and later the data relating to each ])lant were 
copied on separate cards. This permitted sorting the cards into 
groups according to the chapeters. being correlated. Forty-nine 
tables were made in connection with the 8 families, for each of which 
the coefficient of correlation (r), the correration ratio (??), and Blake- 
man’s test for linearity were calculated. These constants are given 
in Table 19. 

Spike density has been shown to be a definitely inherited character 
dependent upon one major factor. The first part of Table 19 gives 
the correlations of spike density with other Fg pl^nt characters. 

In 4 families the correlation between spike density and the length 
01 the longest culm was studied. The r^s are all small, partly and 
partly +, and indicate an absence of correlation such as r will 
measure. On the other hand, the oj's all approach 0.2 to 0,3, which 
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figures arc from 4.7 to 9 times the probable errors, and suggest that 
some sort of correlation exists. Since the values of three of the four 
BlakemmVs tests for linearity are greater than 3 and the other one 
is greater than 2, tlu'. chances seem to be that there is a small corre¬ 
lation, with about 1 chance in 20 of its being linear. 

TabIvK 19. . ComiaHon coefficients (r), correlation ratios (rj), their respective 

probable errors {P. B.)^ and Blakenian’s test of linearity for various pairs of plant 
characters 

* (Fa in<livi<lual {ilaiits, grown in 1024 at Logan, CJtahl 


Ohiiractors rolntod, and family 


Spiko doTi.sityXlongost -mlin: 

L'aniily 4 ... 

Family fl. 

Family 7._*■-... 

Family 8.... 

Spike density Xnumbar of culms: 

Fiimily 4 . . 

Family fi... 

Spike density Xtotal length of culms; 

Family 4 ..... 

Spike densityXawii classes: 

Family 4 .. 

Family a . 

Family <1.-.... 

Family 7.... 

Family H...'. 

Spike density Xthlckness of neck: 

Family 5.... 

Spike (It'nsityXs<pmre-headorin(iss; 

Family I...-i... 

Family 2__-.. 

Family :i..... 

Family 4 ... 

Family ..... 

Family <1.-,... 

Family 7.,... 

Family 8..... 

Awn classesXspike shape (eye classi¬ 
fication): 

Family 4.... 

Awn classesXlorjgest culm: 

Family 4....... 

Family 0.... 

Awn classesXnuml)er of culms: 

Family 4 ,.,..,.. ... 

Family (L......- 

Longr^st culrnXtolal hmgth of culms: 

Family 4 „._____ 

Longest cuhnXmmiber of (Uilms: 

Family 4..... 

S(|uan>h«‘a(l<MlnessXlongest culm: 

Family L,..... 

Family 2. ... 

Family 8--- 

Family 4 ... . 

Family?,.. ... 

Family 8_____ 

Sqrrarr^-headerincssXthickness of neck: 

.Family l.—.. 

Family 2... ... 

Family H.... 

Family ... 

Family ... 

Family 7....,..,... 

Family 8.. 

S quare-headodness X awn classes; 

Family l. 

Family . 

Family a.... 

Family 4:.. 

Family r>..., 

.Family 0..... 

Family 7.... 

Family 8....... 


Num¬ 
ber of 
plants 

r±P. E. 

r 

1\'E. 

v±E. F. 

V 

Blake- 

man's 

test 

P. E. 

393 


059^=0.34 

1.7 

0.2414=. 032 

7.6 

3.4325 

24(1 

- 

-.027=b.043 

.6 

. 19,34=. 041 

4.7 

2.2285 

301 

+.07nd=.039 

2.0 

. ZU±. 035 

9.0 

3.9177 

239 

128=fc.043 

3.0 

. 2954=. 040 

7.4 

3.0278 

393 

1 . 

108=b.034 

3.2 

. 19f)4=. 033 

5.9 

2,4033 

248 

»K035=b.043 

,8 

. 2234=. 041 

5.4 

2.5673 

393 

- 

-.0434=. 034 

1.3 

. 2054=. 033 

0.2 

2.9365 

393 


-.0204=. 034 

.0 

.1184=. 034 

• 3. 5 

1.7263 

248 

079db. 043 

! 1.8 

. 2284:. 041 

5.0 

2.4996 

247 

~.035db.043 

' .8 

.2234=. 041 

5.7 

2. 0798 

301 

4-. 131=1:. 038 

3.4 

.1504=. 038 

.3.9 

. 9550 

239 

-.014=1=. 044 

.3 

,2114=. 042 

5.0 

2.3618 

248 

- 

-.0404=. 043 

* 1.1 

.35,54=. 037 

9.0 

4.1161 

349 


545=b. 025 

21.8 

! . 5734=. 024 

23.9 

•. 2527 

173 


-.5024=. 038 

13.2 

. 0024=. 033 

18.2 

3. 2362 

\m 

- 

-.5914=. 035 

16.9 

1 .6284=. 033 

10.0 

1.9611 

393 


-.5424=. 024 

22.6 

1 .6164:. 021 

29.3 

4.2739 

248 


-.5424=. 030 

18.1 

1 .5704:. 028 

20,4 

2.0510 

247 

- 

-. 5154=. 032 

16.1 

.6084=. 028 

21.7 

3. 7538 

301 

- 

-.403=fc.031 

14.9 

. 5784:. 026 

22.2 

1.8081 

239 

503=b. 033 

1.5.2 

.5444=. 031 

17.5 

2.3824 

393 

+.042=fc.034 

1.2 

.0704:. 034 

2.1 

.8141 

393 

- 

-.0384=. 034 

1.1 

. 1154:. 033 

3^ 5 

2.1619 

247 

4-.019±.043 

.4 

. 2054:. 041 

• 5.0 

2.3815 

393 

+.n2d=.034 

3.3 

,1604:. 033 

\s 

1.6822 

247 

- 

-.0374=. 043 

.9 

. 2174=. 04r 

5.2 

2.4865 

' 393 

H-.530d=.024 

22.1 

.5644:. 0:^1 

24. 5 

2.8304 

393 

+.340d=.030 

11.3 

.3924=. 029 i 

13. 5 

2.8673 

349 

-.054=1=. 030 

1.5 

. 3304=. 032 

10.3 

4, 5138 

173 

•f.l37=b.050 

2.7 

.3004:. 046 

(1.7 

2.0746 

Ififi 

4-. 240d=. 051 

4,7 

. 0494=."0:n 

20.9 

5. 6084 

393 


-.0294=. 034 ! 

.8 

.2084=, 033 

6.3 

3.0247 

301 


-.0354=. 039 1 

.9 

. 2654=. 036 

7.4 

3.3726 

239 

4“.020±.(M4 1 

,5 

. 3314=. 039 

8.5 

1.' 1775 



^ i 





349 

- 

hi53d=.035 

4.4 

.3394=. 032 

10. 0 

■ 4.1853 

173 

- 

-.1164=. 051 

2.3 

. 3184:. 046 

7.0 

2.8885 

150 


-.2484=. 051 

4.9 

. 3014=. 050 

6.0 

1. 5564 

248, 


-.2124=. 041 

5.2 

. 315+. 039 

8.1 

2.7075 

247 

_ 

1474=. 042 

3.5 

. 3304=. 038 

8.7 

3.4382 

* 301 

> 

-. 1464=. 038 

3.8 

.1904=. 037 

5.3 

1.6964 

239 

“ 

F. 0774=. 043 

1.8 

. 1994=, 042 

4.7 

2.0849 

349 


-.0284=. 036 

.8 

. 1334=. 036 

3,7 

1.7943 

173 

-.063d=.051 

1.2 

.2214=. 049 

4.5 

2.0591 

156 

-.084d:.053 

1.0 

. 2694=. 060 

5.4 

2.3730 

393 

- 

1104=. 034 

3.2 

: 1564=. 033 

4.7: 

i:5948 

248 

-.024db.043 

.0 

. 1664=. 042 

3.9 

1.9235 

24^ 

- 

0204=. 043 

,5 

. 2654=. 040 

6,3 

2,9671 

■ 301 


-.139:fc.038 

3.7 

.4144=. 032 

12.9 

5.0088 

239 

-.011d=,044 

.3 

.1414=. 043 

3.3 

1.5646 
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Spike density and number of culms secern to show a, Al^hi corre¬ 
lation as measured by the ri% which are 0.190 and 0.223, values whicli 
are more than five times their probable errors. The two r’s are small 
and contradictory, and the two Blakeman's tests imlicale that the 
chances arc 1 in 4 that the corndation is linear. 

The r for spike density correlated with total length of <mlm was 
-0,043, scarcely larger than jts probable error. The rj is 0.205, 
which is 6 times its probable error. This api)arently indieattvs a small 
correlation. Since the Blakeman’s test is essentially 3, the (dnuuu's 
are about 1 in 20 of its being linear. 

The f^s for spike density and awn classes are small, some plus and 
some minus. The 17 ’s vary from 0.1 to more than 0.2 and from three 
and five-tenths to more than five times their probable (U‘rors. The 
,values of rj are small, but seem to suggest the likelihood of a small 
correlation. The five Blakeman’s tests vary from 0,9 to 2 . 6 , values 
which suggest linearity, Siicli will be the ease, however, wlmii the 

is very small even if r is essentially 0 . 

In the one correlation study of spike density and thickness of 
neck, r is too small to be significant, but rj is 0.355, whkdi is nine 
times its probable error. This is a fairly strong indication of a cor¬ 
relation. .The fact that the value of Biakeman’s test is more than 
4 indicates that the chance of linearity is 1 in 142 trials. This sug¬ 
gests nonlinearity. 

The coefficients of correlation of spike density Xsqiiarehoadcdness 
are all above 0.5-and are from about 13 to more than 20 iiines tlie 
probable errors. The 17 ’s are all 0.6 or nearly so and from 17 to 23 
times the probable errors. Five of the eight Blakoman’s tests ai'e 
less than 3, and three are between 0.2 and 2, indicating linearity. 
All these figures seem to indicate a strong tendency 01 the more 
dense spikes to be more squareheaded. 

Since, however, squareheadedness was so very greatly influenced 
by environment that the nature of its inheritance was not deter¬ 
mined, it can not be safely said that even those large figures indicate 
linkage. 

When awq. classes and spike shape as determined by eye (4assi(i- 
cation were correlated, r and were both essentially 6 , and neither 
was significant in the light of its probable error, indicuiting al)setuu^ 
of correlation between those two chara(‘.ters. ^ 

In the correlation between awn classes and the number of culims, 
the are about five times their probable errors and sugmst some (‘.or- 
relation, though one r is plus and the other minus. Tlio values of 
the two Blakeman^s tests for linearity are one I(‘.ss than 2 and the 
other more than 2 . The chd:nces-nre about 1 in 4 that there is 
linearity in the correlation. 

In the correlation between awn classes and length of the longest 
culm in the two families represented, the r's are very small and 
contradictory. One ri is five times its probable error and the other 
one three and five-tenths times. These may indicate some corre¬ 
lation. The values of .the two Biakeman’s tests for linearity indicate 
th^ there is 1 chance in 5 or 6 of the correlatioiys being linear. 

One would expect to find a high corr'Clation between the length of 
the longest culm and the total culm length. Both r and yj are greater 
than 0.5 and more than 20 times the probable error. It mayjbo^that 
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this figure is an additive result of plant vigor and of correlating two 
things one of which is part of the other. 

In the one family studied, the length of the longest culm and the 
number of culms seem to be positively related since r is H-0.340 and 
is 11 times its probable error; r} is 0.392 and 13 times the probable 
error, Blakeman^s test for linearity is less than 3 and also suggests 
linearity. It may be, however, that vigorous plants would tend to 
produce both more culms and longer ones. In so far as vigor and 
length of culm are due to the same genetic factor, even with the fair¬ 
sized constants, the correlation would be physiologic rather than 
genetic. 

When squareheadedness is correlated with the length of the long¬ 
est culm, with the thickness of the neck, and with awn classes, most 
of the r's are small and the ly’s fairly good sized and 3 to 20 times, 
their probable errors. If squareheadedness were heritably a stable 
character, it is likely that constants of the magnitude obtained would 
indicate correlations. In view of the great influence of environment 
on the variability of squareheadedness in the material here used, it 
does not seem wise to ascribe much genetic importance to these 
figures. 

SUMMARY 


In a variety cross of Dicklow X Sevier wheats, some F 3 and F 4 
families considerably more compact of spike than either parent and 
some considerably more lax than either parent weice found to breed 
true. In the nursery test some of the homozygous lines gave yields 
sufficiently higher than that of the high-yielding parent to appear 
promising from the standpoint of wheat improvement. 

About 50 of the homozygous lines from the Dicklow X Sevier 
cross were tested at University Farm, St. Paul, Minn., in 1924 for 
resistance to Pweinia graminis tritici. T.wo of the lines (G 40 and 
G 149) were found to be very resistant in the field. Seedling plants 
of these two lines and of both the parents were inoculated in the 
greenhouse with all the physiologic forms of black stem rust then 
available. The Dicklow parent was completely susceptible to every 
form tested. The Sevier parent was somewhat resistant. G 40 and 
G 149 proved resistant, G*149 was highly resistant to many forms 
and at least moderately resistant to all of the 19 forms available for 
testing. 

In 1925, G 40 and G 149 were grown in the uniform rust mirseries 
in various parts of the United States and Canada and proved to be 
as resistant as the most highly resistant varieties of vulgare wheat 
known. — . - 

A detailed genetic study was made of a cross between pure lines of 
Federation and Sevier wheats, which were contrasted as follows: 


Federation 

Awnloss. 

Spike density intermediate. 
Slightly squareheaded. 
Short culms. 


Sevier 

Awned. 

Spike density intermediate, but a little 
more dense than that of Federation. 
Not squareheaded. 

Long culms. 


In F 2 a $tudy was made of individual plants. Four classes of awns 
were defined,' and each plant was classified by comparison with 

mounted specimens showing the range of variability for each class. 

« 
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Measurements were taken of the length of the rachis, the length of 
10 rachis iiiternodes, the thickness of the neck just below the spike, 
and the length of the culms; and counts were made of the number of 
spikelet internodes in the middle third of the I’achis and in tlie upper 
third (as a basis for calculating the ratio of squanheadediu'ss) and 
of the number of culms. 

In Fs the F 2 genotypes wore tested by the breeding jxdiavioi’ of 
Fs families, each from a single Fo plant. One row eaxdi of iho Pknle.r-* 
ation and the Sevier parents was sown among the Fa fain liters after 
every 4 hybrid rows in family 4 and after every 10 hybrid rows in 
families 5 'and 6 . Mother plants for the 74 F 3 progenies of fa,mily4 
were chosen at random from plants represented on ea,ch^ of the 12 
sections of the spike-density curve of family 4. drain of all the Fa. 
^plants of families 5 and 6 was sown. 

At harvest the F 3 progenies of family 4 were studied to determine 
awn classes spike density, squarehcadodness,^ and length of culm. 
The 247 F 3 progenies of family 5 were studied to deterniino spike 
density and awn classes, and the awn classes of the 245 F 3 progenies 
of family 6 were determined. 

Four homozygous classes of awns w^ere obtained, one of each 
parental type and two intermediate types. In all thi'ce families 
the two parental classes were considerably more numerous. This 
fact suggested linkage, and when the observed proportions of homo¬ 
zygous and segregating progenies were studied by the closimess-of-fit 
method it was found that the hypothesis that there are two factors 
for awns located in the same chromosome and that there is 35 per 
cent crossing over explains the results. 

The F 2 plants, as tested by the F 3 breeding behavior, gave a close 
approximation to a 1 : 2:1 ratio of dense, intermediate, and lax 
spikes. Approximately one-fourth of the total families had dense 
spikes and one-fourth ha<l lax spikes. Both of these groups of 
families proved homozygous, and the intermediates all segrep^ated. 

In each of the three major groups there was a scries of smaller 
differences'in spike density, as is shown b.y the fact that the coeffi¬ 
cients of Vai;iability of the means of the spike densities in the three 
major groups of F 3 families were considerably greater than were 
the coefficients of variability of the rows of eitluu.* parent. The 
spike density of the Sevier parent was obtained again in not more than 
one of the 321 families tested and perhaps not all Therefore, one 
major factor and a series of minor factors are involved in the 
j inheritance of spike density in the Federation x Sevier cross. 

! ^ The ratio of squareheadedness was found to bo distinctly different 
in the Federation and in the Sevier^areiits. The ranges in the indi¬ 
vidual rows of the parents and in the F 3 progenies showed ulearly 
an enormous variation in this character, due to environment. The 
coefficients of variability were apfproximately 15 per cent. 

In order to find out the nature of inheritance of squareheadedness • 
it would therefore be necessary to reduce variability due to environ- 
naent by'growing F 3 and F 4 families in replicate rows in various parts 
of the field adjacent to the parents. 

The average height of Federation.was distinctly less than the 
average height of Sevier. The F 3 families gave a range of mean 
heights about equal to the ranges of both parents combined. There 
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was definite evidence that segregation had taken place as regards 
height of plant, but the nature of the segregation could not be deter¬ 
mined accurately. This could be studied by growing replicate rows 
of iiybrids and parents in various parts of tlie field. 

In correlation studies of Fo plant characters, r, ??, and Blakenian’s 
t(^st of liruuirity wen^ calculated. Small but apparently significant 
(‘orrelations as judged by their proliable errors were found between 
spike density and the length of the longest culm, between spike 
density and the number of culms, between spike density and the 
total culm length, between spike density and awn classes, between 
spike density and thickness of neck, between awn classes and the 
length of the longest culm, and between awn classes and the number 
of culms. 

The odds were about 142 to 1 that the correlation between spike, 
density and thickness of neck was nonlinear. In all the other 
cases the odds were rather small and suggest that the other correla¬ 
tions are a reasonable approach to linearity, as judged by the number 
of series calculated. 

Squareheaded ness correlated with spike density gave rather large 
r’s and 77 ’s. When squareheadedness was correlated with awn 
classes the i 7 ^s were 3 to 12 times their probable errors. However, in 
view of the great variability of the squareheadedness character due 
to environment, no great genetic importance was attached to these 
correlations. 

Rather large /*’s and were found in the correlation study between 
the length of the longest culm and total culm length and between 
length of the longest culm and the number of culms. These corre¬ 
lations were thought to be physiologic rather than genetic in their 
nature. 

In view of the consistently significant correlations, as judged by 
their probable errors, between the two stable and definitely inherited 
characters of spike density and awn classes, it seems reasonable to 
conclude that there is a strong suggestion of linkage between the 
factors for these two characters. 
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Mediterranean, extent of infestation in 

Hawaii, 1921.'*. 10 

Mediterranean, larval parasitism .per¬ 
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morphology.. 677 

poll! nati on.j ......C80-683 

terminal buds, differentiation. 678-680 


tree, injury by spiral borer and its control- 333-338 
Pectinophora gossypiella Saunders See 
Bollworm, pink. 

Peebles, Robert H., and Kearney, Thomas 
H.; lleritability of Different Rates of 


Shedding in Cotton. 651-661 

Periderm, development in beets. 168 

Peronospora sp., cause of mildew on soy 
bean. 392 


Peterson— TE*age 

Clara 'B., and Peterson, W. H.: The 
Water-soluble Content of Calcium and 

Phosphorus in Cabbage.695-699 

W. H., and Peterson, Clara B.: The 
Water-soluble Content of Calcium and 

Pho.sphorus in Cabbage.oyS-fiOO 

Phalouiidae family, notes.- 819 

Phaseolus— 

Quantitative Inheritance: Karl Rax. 349-354 

vulgaris. AVr Bean. 

Phomopsis citri, fungus cause of melanose, 

disciLSsi on... 621-625 

Phosphoric-acid content of CropvS Grown 
upon Peat Soils as an Index of the Ferti¬ 
lization Received or Required: Alway, 
Frederick ,1., Shaw, William M., and 

Methley, William J.1. 701-740 

Phosphorus, and Calcium, in Cabbage, The 
Water-soluble Content: W. H. Peterson 

and Clara B. Petensoh. 695-699 

Pickling, meat. See Curing. 

Pigs. See Hogs. 

Pine- 

Butterfly, Ncoj)hasia mempia Felder: 

James C. Evenden. 330-344 

See also Butterfly. 

Western yellow, injury by pine butterfly. 339-344 


Pinus— 

monticola. See White pine, western. 
povderosa Laws, See Pine, western yellow. 
Plant Tissue, Green, the Importance of 
Clearing the H ydrolyzed S'olution in the 


Determination of Acid-hydrolyzable . 
Garbohydrates: V.H. Morris anaF. A. 

. V/elton....195-109 

Planting— , 

Sito.^ortliern Idaho, Aspect in Relation 
to Age Classes of Western White Pine 

Planting Stock; W. O. Wahlenberg.611-019 

Stock. See Stock, planting. 

Plants— 


Attraction of Insects by Smell-senses of 
the Cotton Boll Weevil: N. K. 

Meindoo. 1095-1141 

odors, attraction of insects.-. 1095-1096,1135-1137 
Potted. See Potted Plants. 

Podisus pJacidm XJhler, enemy of pine 

butterfly. 343 

Poisoning- 

bean, by-war chemicals. 177-182 

contact, of caterpillars. 181-182 

stomach, of caterpillars.177-181 

Popillia japonica Newm. See Beetle, 
Japanese. 

Potato— * , 

Colorado, response to odoLs, experi¬ 


ments.-.1135-1136 

. destruction, experiment.-. . 603 

seed, mature and immature, note... 577 

Potatoes- 

data, analytical, for different stages of 

development, tables... 574-575 

Maturity, A Chemical aiui Physiological 
Study: C. O. Applemifh and IC. V. 

Miller.. 569-577 

respiration in mature and immature. 576 

storage, changes.. 577 

» sw4^6t. See Sweet Potatoes. 


wuiiiiK, Ktuuy in cause. i it**, i * itw 

Potted Plants, Water, and Water Solutions 
of Organic Compounds as Dips for the 
, Soil Infested with the Japanese Beetle: 

Walter E. Fleming.. 821-828 

Poultry- 

feeding data. 29-32 

Flesh and Fat, Vitamin A in: Ralph 

• Hoagland and Alfred B. Lee. 29-40 

Protein- 


Nutritive Value in Beef Extract, Ox 
Blood, Ox Palates, Calf “Lungs, Hog 
Snouts, and Cracklings: Ralph Hoag- 

land and George G. Snider.. 829-843 

variation in sugar beets with daylight 
and darkness... 69-75 
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Froiopmce sexia Joh., immunity to icli- 

neumon-fly parasitism.— 

Psendomoms-solttnacearvin, study in rela¬ 
tion to eotton wilting. iiGri 

Puccinia — 
coromta Corda— 

Crown Rust, the Alternate Hosts: 

S, M. Dietz.UA'i-OTO 

(lisoussion of data on alternate hosts,. - 0(>r»--970 

grnininis tritid, eausio of wheat rust. lUiH-'llTI 

tTiticina — 

Cytologienl Study of Physiologic ^ onn 
11 on Little Club Wheat: Kuth F. 

Allen.. 201-222 

life cycle, variations, etc,..210-210 

Fyralidae family, notes. SOI-SOS 

Pgrun communin. Set', Pear. 

Pythium— 

debaryanuin, taxonomy. 370-SS0 

Boot Rot of Soy Bean: S. G, Lehman 

and Frederick A. Wolf. 

See aUo Root Rot. 


Rape, phosphoric-acid content as a fertili¬ 
zation index. 721-722 

Rathhun-Gravatt, Annie, and Spaulding, 

Perley: The Influence of Physical 
Factors on the Viability of Sportdiu of 

Cronariinm ribicola Fischer.. 397-433 

Realgar, effect on respiratory metabolism 

ofinsects. Kkll 

Reddy, C. S., Holbert, .T, R., and Erwin, 

A. T.: Seed Treatmciits for Sw’eet-corn 

Diseases.7(59-779 

Respiratory Met abolism. See Metabolism. 
Rhamiius--- f 

catfiartica, Mississippi Valley survey- m-mT) 

spp., hosts of Puecinia coronata C'orda. 9{54,9(54“965 
Rhizopus, Infection of the Sweet Potato^/ 
Relation of Humidity: L. L. Harter 

and J. I. Lauritzen, - A.. A 527~f)39 

Phopalosiphum pmi<lohranHkat'f spraying 

tests. (502 

Richardson, Charles li., and Smith, C. K.: 
Toxicity of Dipyndyls and Certain 
Other Organic Compounds as (\)ntact 

Insecticides... 597-(509 

R i Persia— 

genus, character of, note. 7r)7 

radkicoUf n. s., description.757-759 

Rocky Mountains, western larch, impor¬ 
tance. 293 

Root knot- 

distribution, relation to climate. 223-225 

Nematode, Effect of Temperature an<i 

Moisture: George IT. Godfrey.. 223-254 

Root Rot— • 

and Bacterhd Alfalfa Chfused by 

ApUmhucter iwfidiosvm L. McC.: 
imein McCulloch and Fred U. Jones,. 493-521 
Corn— 


A Soil-borne Disease: W, D. Valleuu, 

P. E. Knrraker, andK. M. Johnson-. 453-47(5 


relation to soil texture,.. 471-472 

Pythium, of Soy Beans— 
description, proptmnlion, etc,- , , . .. 375:iH0 


B. G, Lehman and Frederick A. WolL, 3L5-3H0 
Rosen, IT. R.; Efforts to Det-ormine the 
Means by which the C'iotion-wilt 
Fungus, FumriumvaHinfedum, Induces 

Wilting... H4m62- 

Rot- 

Black— 

Carrots, Relation to Btorage; J. L 

Lauritzen. 1026-1041 

Sweet Potatoes in Storage, Infetdion 
and Temperature Relations: J. I. 

Lauritzen... 663-676 

Blossom end of tomato. 1(^21-1022 

brown-pocket--;, 

cellulose exper iments... 690,691 

character.. 687-688 

damage to orchard trees. 691-692 

emulsion expleriment.689-690 

Heart, of Stone-fruit Trees, Caused by 
TrametesmhroseaWiAlr, B. M.Zeller^ 687-693 

hemicellulasc rxper i ment ... „, 691 

ligninase e,xperimcnt... _ 690 

pr(wentive measures.. 692-693 

result of study.. 693 


itot~~Continiied. 1 oge 

Bulb, of Onions, Fusariii (.'nusing: George 
K, K. Link and Alice A, Bailey . ! U21> 952 

hwirt. See Hot, Br(,>\vn*poeket llrsu'l. 

Root- 

ami a Bach'rial Wilt of Alfalfa (5uised 
by Aplaiiokiefer hiddtoftuin !j. MeC,: 

Fred It. Jones an<i Lucia Me('ulloch. ‘193-5LM 
(hirn, a Boil-homo I)is(‘nse: W. D, Val- 
lean, P. E. Karraker, and E. M, 

.lohnsoti 153 576 

corn, relation to .soil tevture -171 172 

Pythium, of Boy I5(’an; B. G, l.<‘hmun 
and Frederiek .\. Wolf 375 3so. 

surfatx^— 

Fumrifuno.rytt}mnm W.nnd Uesisl- 
anee of a Btrain of Vellow Jersey Bwisd 

Potato; J. 1. Lauritzen. 10<»1 1094 

sweet potato, ex])eriinent s ,, 1092 -1094 
sw'cet potato, relation of humidity to in¬ 
fection . .. , . 527-539 

tomato- 

cultural t(‘sts of organisms... 5057 

description.. 1009-1011 

isolation ami inoculation . -. 1011-1013 

origin,.. KUI 

prevention and control,. ... . 1022 

re.sult.s of .study. 1022-1023 

Btom-end and (5.mter, (hui.sed by Vari¬ 
ous Hnrelntcd Organisms: Nelli(‘ 

Brown... . .. . . 1009 1024 

Rots, onion— 

(H)ntrol lucjisure.s . 925 

study with exiwiments K93-952 

varietal resistance . ... 924 -925 

Rust- 

Crown, Pueeinia eorimiUit Cordu, Gw* 
Alternate Hosts: B. M. Dietz 953-5170 

wheat- 

note on origin .. 201 

relative resistance of V!U‘ieti(*.s , ., i ioh i i7l 

Rusts, depemience on heult h (»f liosts , 215^ 

gretm-muiuirei use, remarks . 77, h5, ho, h7 514 

winter, phosphoric-aeid (mntent a.s a ferti¬ 
lizer index . - -- 707 710,720 721 

See aim Becalc*. 
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Sale, J. WL, and Wilson, J. H.: Distrilai- 
tion of Volatile Flavor in Grapes !ind 

Grape Juices. 

Sand culture, stu(iie.s for (torn growing 
Sando, W. J., Taylor, J. W., and ladgUty, 

(.\ E.: lnterg«‘noric Hybrids in A(‘gi‘ 
lops, Trlticiim, and B(H‘ale , 

Baiurnlidae family, notes ... 

Bausagts (‘ontent of nitrite . , . 

Baw-ioothed grain beetle. Set (Indn. 

Hux, Karl: QuatitltaGvt' Inhevitnnce in 
Phastsdus 

Beat), anple, control b.v eoppio’sulphnic 
S(!hroe(ier, Walter F., B(»ytii‘, Edward A„ 

Kerr, Robert H., and Marsh* ChO'cnce 
T. N.: T'he \tse ot B«hUuui Nitrite in 
the (hiring of M(ait , 541 fCd 

B(dmlz, E. H., Link, K. P.. 'roUinglmiii. 

W. E., and Lepkovsky, B.: CllinaHc 
Effects In the Metabollsiu of the Sugar 
Beet. 59 7t, 


549 


349 351 
7IS 


Bchwart.z, 'Benjamin; BpcicifU* Identity of 

Whipworms froth SwlJje 311 310 

Bckrotlai neck rot, amaU, (»r onions, symp¬ 
toms, causes, etc . i«iH 912 

Selerotinia libertiana, (‘hus(' of soy*hean dis- 

(Wise,... ... 395 

Betwonal Factors, Bwerd Corn, Relation to 
Quality: (,■. A. Magoonand c\ WL (‘ub 

pepper.,. . . t(ll3 1972 

.Secalo, Hybrids Intergenerlc, w'itti A<‘gilops 
and Trlticum; C. E. UdgUty, \V. J. 

Eando, and J. W. Taylor. ... , „ 191 Ml 

Seed¬ 


beds, watering, shading, et(‘ ., 297 

<3)rn, tretitm(>nt fur root-rot fungus 4(52 

(kitton, Correlations wit h Fiber and Boll 
Character.^;’Thomas H. .Kearney 7Ht 7”'5 
larch, vitality and g(wtnintvt lon 2( 

Boy bean, dissemination of Iwown spot 3’ 
Sweet (,hirn. h'reatmtmts for Dlsinwiss: 

(L S. Rethiy, J. R. Holbert, and A, T. 

Erwin . .. . 769 77h 
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Seed—rontlnucd. 

tomato, infection with rot orKunisin. ,, I()ir>-10H} 

western larch, sowintt, etc. ..2UH-21W 

Seedlint? corn, <iistincLion from root 

rot.... , . ... . 4r»3-4r)rt 

S<‘iise orKuns, study of development, in 

cotton boll weevil... 1104-1131} 

upii Chester, control by basic coF)i»er sul¬ 
phate. 74<h7r>(l 

glyc.hm ll<>mjni, cause of brown-spot on 

soybeans... .... 3fJ0“374,303 

, -ftojim. bVr S(7)tori(t glyvinn Uinnmi. 

Shade, seed bod, for western lanjh-- 29K 

Shaw, .William M., Methloy, William Jf., 
and Alway, Frederick J.: Phosphoric- 
acid Content of Crops Grown ui)on 
Peat Soils ns an Index of the Fcrtaliza- 

tion Received or Required_ 701-740 

3hoarinK, cattle, relation to heat production _ 580 

Sheep, Feeding and Management, Effect 
on the Tensile Strength and Elasticity 

of Wool: W. S. Joseph. 1073-1089 

Sight, development in insects...1122-1123 

Silking, sweet corn, time and rate. 1046-1049 

Site, planting. See Planting site. 

“Sliplines.’* “Slip pianos.” 

“Slip planes,” relation to failure of wood 

in tessts parallel to grain..185-187 

Smell- 

Attraction of Insects to Plants, Senses of 
the Cotton Boll Weevil: N. F. Mc- 

Indoo. 1095-1141 

development in cotton boll weevil.1105-1115, 

Smith— 1126-1129 

O. R., and Richardson, Charles H.: Tox¬ 
icity of Dipyridyls and Certain Other 
Organic Compounds as Contact In¬ 
secticides..597-609 

Roger 0., and Davis, Edgar W.: The Pea 

Aphid as an Alfalfa Pest in Kansas-' 47-57 

Snider, George O., and Hoagland, Ralph: 
Nutritive Value of Protein in Beef Ex¬ 
tract, Ox Blood, Ox Palates, Calf 


Lungs, Hog Snouts, and Cracklings... 829-843 

Soap, fish-oil, use as insecticide... 602 

Sodium nitrite- 

quantities in curing meat.— 547 

Use in Curing Meat: Robert H. Kerr, 

Clarence T. N. Marsh, Walter F. 

Schroedcr, and Edward A. Boyer. 641-561 

Softwoods, compression tests for failures... 190-191, 
Soil— 193-194 

Dips of Water and Water Solutions of 
Organic Compounds, for Potted Plants 
Infected with Japanese Beetles: Walter 

K. Fleming... 821-828 

Hetorogeneity, A Study in Experiment 
Plots: R, J. Garber, T. 0. Mellvaine, 

and' M. M. Hoover.25,5-268 

Insoeticldes, Experiments with Certaid 

Arsenates as: B. R, Leach_ 1-8 

Moisture— 

and Soil Temperature, Influence on 
the Development of Yellows in Cab¬ 
bage Seedlings: Eugene C. Tims. 971-992 

effect on development of root knot. 225-236 

' Organic Matter, Decomposition: II. H. 

Hill. 77-99 

sterilization experiments fetr eorn grow¬ 
ing..-.-. 455-^62 J, 

Temperature— 

and Soil Moisture, Influence on the * 
Development of Yellows in Cabbage 

Seedlings: Eugene C. Tims.971^992 

effect on development of root knot_ 225-229, 

236-252 

testure, relation to corn root rot. 471-472 

Soils— 

bases, removal by electrodialysis. 5,56-559 

Colloidal Material and Exchangeable 
Bases, Electrodialysis: Sante Mattson. 653-567 
eleetrodialysis— 

bases and acids removed hourly. 557 

methods used... 554-656 

infection with black rot. 1028 

. mineral, and phosphate-hungry, hay from. 734-737 
Peat, Fertilization Received or Required, 

Index in Phosphoric-acid Content of 
Crops: Frederick J. Alway, William 
, M. Shaw, and William Jr Mcthley_ 701-740 


Soils—Continued. 

plot uniformity, estimating oat crop.2,59-262 

toxicity, effect of arsenates. 1-S 

Soja max (L) Piper. See Soy Beiin. 

Souring, Ifani, .V Contribution to the Bac¬ 
teriological Study of: E. A. Boyer. 761-768 

Sowing, larch .seed. 294-297 

Soy Bean— 

Brown-spot Disease: Frederick A. Wolf 

and S. G. Lehman..... 365-374 

historicid notes on culture..... 391 

Pythium Root Hot; S. G. L(4iman and 

Frederick A. Wolf. 375-380 . 

Soy beans— 

disease studies.. 365-396 

Diseases Which Geeur Both in North 
Cai-olina and the Orient: Frederick A. 

Wolf and S. G. Lehman.. 391-396 

inoculation experiments with brown .spot. 370-371 

varietal resistance to brown spot. 372-373 

Soy-bean Anthracnose: S. G. Lehman and 

Frederick A. Wolf....381-390 

Spaulding, Perley and Rathbun-Gravatt, 

Annie: The Influence of Physical Fac- * 

tors on the Viability of Sporidia of 

Cromnium ribicola Fischer. 397-433 

Spiral Borer, Hickory, Affrihts arcuatm Say, 

Life History: Fred E. Brooks. 331-338 

Spores, kinds found in a study of Puccinia 

on wheat. 201 

Sporidia— 

Cramriimn rihkota Fischer, the Influence 
of Physical Factors on the Viability of: 

Perley Spaulding and Annie Rathbun- 


Gravatt. 392-433 

germination. 403-408 

Voepndary, production. 428-429 

ViaVility— 

eflWt of alternate wetting and drying.. 413-414 

effect of drying. 409-421 

effect of icing.. 426-428 

effect of sunshine_1. 421-426 

result of study. 429-430 

Sports, Bud, in Sweet Potatoes: L. L. 

Harter. 523-526 

Spray, copper sulphate, as substitute for 

Bordeaux mixture. 741,744-747 

Spraying, experiments with aphids. 601-603 

Sprays— 

copper sulphate, method of preparation.. 744-747 

effectiveness against codling moth.319-330 

Spruce, compression tests for failures. 190 

Steers— 

feeding experiments, effect on pulse rate.:. 887-891 
Pulse Rato, Effect of Feeding Cellulose; 

Harry W. Titus. 887-891 

Sterilization, soil, experiments.. 455-462 

Stewart, George: Correlated Infforitance in 

Wheat.... 1163-1192 


Stewart’s Disetvse. See Blight, sweet corn. 

Stock, Planting, Western White Pine, Ago 
Classes in Relation to Aspect of Plant¬ 
ing Site in Northern Idaho: W. G. 

Wahlenberg... 611-616 

Stone fruit. See Rot-, Brown-pocket heart. 
Storage- 

Carrots, Relation to Black Rot: J. I. 

Laurit-zen.. 1025-1041 

ggnpo juice, effect upon flavor. 307-309 

• sweet potato, relation of humidity to rot 

infection.... 527, .530-532,634 

Sweet Potatoes, Relation to Quality for 
Canning Purposes: C. W. Culpepper 

• and C. A. Magoon. 627-643 

Straw, phosphoric-acid content ?is a fertilizer 

index. 716,718,728 


Sugar beet. See Beet, sugar. 

Sugar cane. See Cane, sugar. 

Sugar-beet, Curly-top, Susceptibility of the 

Bean to the Virus of: Euban(Ks Carsner 345-348 
Sugars— 

sweet potato. 635 

variation in sugar beets with daylight 

and darkness,. 69-75 

Sulphates, Copper Basic, Preparation and 
Effectiveness for Fungicidffb Purposes: 

E. B. Holland, C. O. Dunbar, and 0, 

M. Gilligan. 741-761 

Sunshine, effect upon viability of sporidia.. 421-426 
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Surface— 

Area, of Dairy Cattle, A Foimulu for 

Estimating: Erwin 0. Eltiiig.209-279 

rot. See Rot, surface. 

Sweet- 

clover, host of Aplanobacter imidmmn L. 

McC,, note. 000 

corn- 

canning tests. 10(>2“10(i4 

crop, vegetative condition...— 1048-1049 

Diseases, Seed Troatinents for: C. S. 

Reddy, J. R. Jfolbert, ami A. T. 

Erwin... 7(59-770 

frost injury of quality for canning... 10(54-10(5(5 
growing experiments, seasonal data.. 1044-104(5 

growing experiments, yields. 1049,10r>2 

kernel, chemical studies.I(jr)3-10(52 

seasonal conditions, discussion.10(5(5-1070 

■ seasonal factors, study results. 1070-1072 

silking, time-and rate... 1046-1048 

tenderness, effect of seasonal condi¬ 
tions. 1052-1063 

The Relation of Seasonal Eactoi's to 
Quality: C. A. Magoon and C. W. 

Culpepper.. 1043-1072 

Potato- 

Infection by Rhizopus, The Relation to 
Humidity: .T. 1. Lauritzeii and L, L. • 

Harter.. 527-r);«» 

surface rot, experiments... 1092-1094 

surface rot, susceptible varieties, d(‘- 

scription. 1091 

varieties resistant to surface rot, de¬ 
scription. 1091 

■-¥ellow Jersey, A Sti'ain .Hesistant to ■ ^ 
Surface Rot (Fumrium oxy^^pornM 

W. & C.): J. L Laurilzen.. 

potatoes— / 

■ black'rot, development, time eleim(*nt.‘^570-(l73 

black rot, discussion. 674 

Black Rot in Storage, Infection and 

Temperature Relations; J. 1. Laurit- 

zen. f563-(57(5 

black rot, result of study.(575-676 

Bud Sports in: L. L. Harter... 523-525 

canned, chemical studies. 634-639 

canned, cooking tests.. 641-642 

canned, qualities of 29 varieties.(5:19-640 

canned, tests. 6:50-631 

' canning, experimental methods. 628-(53(} 

canning requirements... 627 

Haiti variety, color of stem and vines.. 525 

Haiti variety, origin, propagation, no(.c.. 52:5 

inoculation with blncTk rot. (5(55'(5(;7 

pe<?llng and wast.c tests... 6;5() 

plasticity tests___ . 6:56-6:51 

Rhizopus Tot, wound facl.or. 5:55“5:5n, 5:57 

stored and cun»d, use for {fanning, sum¬ 
mary... 642 

surface rot, losses,.,... .. . 1091 

The Relation of Ktctrage. to the tliialitv 
for Canning Purposes: V, W. (hil- 

p(fpper and C. A. Magoon. 627 (IW 

Swift, R. W.; French, K, 15.; Mmitfinu’, 

J. V., jr.; Forbes, E. 15.; Brainiin, Win¬ 
fred W.; Kriss, Mux; Fries, J. August; 
Cochrane, Donald C,; and J(‘ffrles, 

C. D.: The IrifluencxA of the ?hiviron- 
mental Temperature on the Heat Pro¬ 
duction of Cattle.. 579«5H9 , 

Swine,Whipworms, Specific Identity; Ben- * 
jamin Schwartz.■...311-31(5 

Tactile hairs, distribution and structure on 

cotton boll weevil..:. 1116-1118,1129-1133* 

Take-all, disease of wheat, acidity and alka- 

Imity tests on growth of fungus causing.. 845-871 
Taste, development in cotton boll weevil., 1118 

Taylor, J. W., Letehty, C. E., and Sando, 

W. J.: Intergenferic Hybrids in Aegilops, 

Triticum, and Sb^iale. 101-141 

Telia, period of natural production. 403 

Temperature— 

and Moisture, Effect on Nematode Root 

Knot: George JJ. Godfrey.. 223-254 

effects on— 

, AplanohttcteT insidiomm,:. 499-500,516-518,519 
metabolism of the sugar beet... 59-76 


Tempcmtur«i—Continue<l. t agt- 

Environ mental, lulhienci't on the UeiU. 
Production of t'utth': E. 15. Ft>rbe.^, 

Winfred W. Briimmi, Max Kriss, J. 

August Fries, Donald (\ Coehrane, 

C. J). JelTries, It. W. Swift. li. 15. 

Fnmcli, and J. W Maucher, Jr,. 579 5H9 

iniliience on growth of AIterniirin rmlm nn U):52 

Soil and S<»il Moisture, Iniluenee on the lOICt 
Development of Vcdlows in ('al>buge 
See<ilings; Eugeme (\'I'inis .. 971 992 

Tenhet, J. N., and Chamberlin, F. S.; c«r- 
diochiUs Hiyrkep^ Vier., im Impm-tunt 
Parasite of the 1'ohae(*(> liud Worm, 
i/eh'flffiis rtrwerw Fab . , 21 27 

Tent Caterpillars. SV-r (’aterpillars, lent. ^ 
TertaetichuH giffardianus Silve.stri, parasite 

of the MedilerraTusm fruit lly in I lawaii 9-15 
Texas, Ejistcrn, Notes on Sonu' heplflop- 

terafrom; L. J. I5ottim«*r 797-811 

Theronia fulvmeiiif C'ress., ene»ny of pine 

butterfly. :54:5 

Tims, Eugene t\: The Influence of Soil 
Temperature and Soil M(»istur«‘ on the 
Development of Yelhavs in Cahhagi* 

Seedlings__ . 971 992 

Titus, Harry W.: Kffecd of F<‘e{ling (’idlu- 

lase on Pulse. Rate' of Ste<‘rs.. 8S7 891 

'I'obacco—- 

Bu<l Worm, Ilelwthk rirmrua Fab,, ,\n 
Imflortant I^araslteof* (^nrdhchilfK ninri- 
trpn Vi(‘r.: F. S. (Miatnb(*rlin and .1. N. 

Tenhet. 21 27 

.‘'wiMflre," study <5f cause 1146 

wilting, stmly of (suise. , 1143 1144 

Tomato— 

(aitraiice of attiu'k iiig (uganisni 1921 

hydrogen-ion cone<'ntrati<in, ndiition t<i 
r<jt infection - ...... . I6i:5 1915 

rot- 
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